*SA9UINSUOD 10} Sjonpoid jsa104 
Je seiddns pajdnsiajuiun apiaoid SAUL [IM 
$#$940} OY] “sWiiny 9044 ul AjupWid umoibas 
pun umoi6 aq jim saquiy sinyow uaym ouny 
#P4% PADMOL Osin0> sy1 Buljoesip si Aunduio5 
e4s ‘StSe10j ajqnjioan Ajjpio19wu0. S,4SOM 
“YHON 2412Pg ays JO yusrIed aay Ajuo juas 
-eido1 spun s,Aundwo 5 ayy yBonouyjy ‘dow 
24s UO peypripul so ‘snsin BuimoiB aaa ayy 
AS} 9SOYs Ul SUID} 901, SOY asnanYyIaAan 
*sjupjd sasnanyieAem ul apow qjp ‘dind 
pup poomAjd ‘iequin; Buipnjui ‘sasodind 
4° Azalipa 10} Jnjasn ain saasy asayy ‘ould 
SHYM Uloisem pub sonids DyJIS “AY aLYyM ‘ay 


£ 


A9A|IS “AY 8]qGou “upped pai uisysem ‘yoo; Way 
: iw 


U494SeM “4 spjBnog sp seideds yons 4104 ays 
{UE|}e2xX9 UD eplAoid suolIpuod ysiow ouy 
“punoiB ayy yrna2 04 Adouns Ajoa] ays saynay 
-sued yyBijuns S]HI INDY Pardojsajul Os sumoud 
aus ‘Ays ayy our da yrpe1 syunsy 4214) puD 
Ayo] ayy “suoysodoid syun6i6 yO eID saaiy 
24} pup peBp-uare pun daap ain ‘syunjd Bul 
~sse2oid sjasnanyiahem jo 4sou 10} sjpiiey 
“pur mois Ajddas yoiym ‘sysaiog 4y spj6noq 
“SOJUNWIWOD JsaMYsION 
PYIIDd USAS UI p|}NI0] SaynIjiy¥O syi pup Aund 
"WOD Jequily Jasnanyieham jo siajyuad Bul 
-anjopynupw ayy Ajddns yo1ym sBo] ayy auro 
uoyBurysp, Pud uobeiC jo sysai0y ayy woody 


P8¥!499 8q Of Daiy iaquity Aog soo5 LL 
PdvIIM 9 aidtud1Q yinos ¢ 
SABYIOIg A94DYIS ASAIY SHUM Z 


dIHSYINMO JAILVYIdOOD 


S1[P4 YOWOY ZI 
okoodpnjo> OL HlDA 8 suoWwal> ¢ 
SU3]PH 4S 6 Plouoqow 7 $|]O4 e!wWyonbous | 


ISOMYMON 2Y120d OU4 UI 
SWAD{ 9041) aSNaDYyIThaM 


y-Clark: magazine and book 


COR 
Soe 


In this modern plant at Niagara, Wisconsin, a substantial part of Kimberly-Clark Corporation’s high-quality 
book and magazine paper is being produced. It is the northernmost mill operated by K-C in the United 
States. Machinery and equipment have been kept up-to-date, the latest step being the addition, in 1948 
of a 246” High Speed Fourdrinier Machine and Super Calender, both by Beloit . . . builders of fine paper- 
making machinery for industry leaders since 1858.— Beloit Iron Works, Beloit, Wisconsin. 


WHEN YOU BUY BELOIT...YOU BUY MORE THAN A MACHINE! BE LOIT 


PAPER MACHINERY 


2A 


An example of Salmonella Typhosa Bacteria, magnified 30,000X by Electron Microscope. 


Are Bacteria Biting Into 


During many production stages from the raw 
stock to the finished product, bacteria and 
mold are an ever present threat to the paper 
industry. These microorganisms cause mildew 
on lap stock, “sour” pulp slush, and attack 
glues, making them lose adhesive strength. 


Such attacks cost time and money and result 
in shrinking profits. Like many leading paper 
mills, you can prevent these costly wastes 
with Dowicides. Dowicides, Dow’s industrial 
germicides and fungicides, provide proper 


Industrial Germicides and Fungicides 


Your Profits? 


microbial and mold control. They will help 
eliminate souring and spoilage. 


Don’t let bacteria and mold bite into your 
profits. Investigate Dowicides today. Dow 
maintains extensive laboratory facilities to 
help you with your problem. Contact your 
nearest sales office or write direct. 


THE DOW CHEMICAL COMPANY - MIDLAND, MICHIGAN 


New York ¢® Boston ¢ Philadelphia ¢ Washington @ Atlanta 
Cleveland ¢ Detroit ® Chicago ¢ St. Louis ¢ Houston 
San Francisco @ Los Angeles ® Seattle 
Dow Chemical of Canada, Limited, Toronto, Canada 
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CHEMICALS 


INDISPENSABLE TO INDUSTRY 
AND AGRICULTURE 
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If you need a diaphragm vaive 
you need all the advantages 


of diaphragm closing 


Xa 3 


Check these popular features of 


GRINNELL-SAUNDERS DIAPHRAGM VALVES 


Diaphragm gives __leak-tight 
closure against grit, scale, solid 
matter... Even when some- 
thing as substantial as an 8- 
™ penny nail is trapped on the 
weir of a rubber lined valve, as illustrated, the resilient 
diaphragm, plus the large area of contact, gives 
leak-tight closure against pressure or vacuum. 


Diaphragm lifts high for streamlined flow in either 
direction ... Smooth, streamlined passage, with- 
out pockets, prevents trapping of sludge and reduces 
frictional resistance to a minimum—irrespective of 
direction of fluid flow. No disc holder in fluid stream. 
Grinnell-Saunders Diaphragm Valves are self-drain- 
ing when installed with the spindle at 15 degrees 
above the horizontal position. 


Diaphragm absolutely isolates working parts from 
fluid .. . There’s no “‘if’’ about the way a continuous, 
one-piece diaphragm seals off the working parts 
from fluids; no perforation or puncture in the dia- 
phragm where fluid or gas can possibly leak by the 
valve spindle. No sticking, clogging or corroding of 


working parts. Valve lubricant cannot contaminate 
the fluid in the line. 


Diaphragm, body and lining materi- 
als to meet particular conditions .. . 
Bodies stocked in cast iron, mal- 
leable iron, stainless steel, bronze 
and aluminum: other materials on 
special orders. Valve bodies lined with lead, glass, 
natural rubber or neoprene. Diaphragm materials of 
natural rubber or synthetics. Working pressure, 150 
lbs.; maximum temperature, 180 °F. 


Diaphragmis only part that normally wears and needs 
replacement ... Depending on the type of service, 
it may last for years, particularly since the compres- 
sor and finger plate combine te support the dia- 
phragm in all positions. The diaphragm can be re- 
placed quickly without re- 
moving valve from line. No 
refacing or reseating. No disc 
holder to require tightening 
or replacing. No packing 
glands to demand attention. 


Write today for the new Grinnell-Saunders Diaphragm Valve Catalog 4-S. 


WHENEVER PIPI N G 1S INVOLVED 


GRINNELL 


Grinnell Company, Inc., Providence 1, R. |. Warehouses: Atlanta * Buffalo * Charlotte * Chicago * Cleveland * Cranston * Fresno * Kansas City * Houston * Long Beach 
Los Angeles * Milwaukee * Minneapolis * New York © Oakland * Philadelphia * Pocatello * Sacramento * St. Louis * St. Paul * San Francisco * Seattle * Spokane 
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e e e “BUFFALO”’ 
“LL” FANS 


ee e “BUFFALO” 
AXIAL FLOW FANS 


@9 


GIVES YOU YOUR CHOICE 
FOR BEST RESULTS ON THE JOB! 


“Buffalo” builds both Axial Flow and Generally, if you want to move large volumes of 
Centrifugal Fans because ONE type alone can’t air, the “Buffalo”’ Limit-Load Fan is your logical 
give EVERY characteristic without sacrificing choice. It will give you good efficiencies on sys- 
efficiency. “Buffalo” Axial Flows give you the compact, tems of fairly high pressure, and even where installed 
lightweight design so desirable in those “cramped near duct curves. Like the “Buffalo” Axial Flow Fan, 
quarters” jobs. Their efficiencies are very high where it is non-overloading so that motor size may be picked 
static pressures are not much above 11%” and duct con- close to capacity rating—and all 
nections are straight. “Buffalo” does wheels are dynamically balanced for 


build axials for high pressures on 
special installations—where space is 
the major consideration. WRITE 
FOR BULLETIN 3533-C for com- 
plete facts and comparative perform- 
ance curves. 


VANEAXIAL 
, TUBEAXIAL FANS 


exceptionally smooth, quiet delivery. 
Closely graduated sizes give you a 
range of choice from 600 cfm to over 
500,000 cfm. WRITE FOR BULLE- 
TIN 3675. 


BUFFALO FORGE COMPANY 
528 Broadway, Buffalo, N.Y. . 
Canadian Blower & Forge Co., Ltd., Kitchener, Ont. 


Branch Offices in All Principal Cities 
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-Flow Yat 9 wa 


—a story of 
product improvement 


It was just a few years ago that a box with a cylinder mold was considered 
a vat... and what this vat couldn’t accomplish was supposedly beyond 
the realm of Cylinder Machines. 


Then came the Goldsmith Stream-Flow Vat System—an individual form- 
ing machine designed and built by Puseyjones with the same thought 
and care as Puseyjones Fourdriniers. Step by step the Stream-Flow Vat 
System has been improved. Here are some of the outstanding features— 
standard, but optional—of the latest Stream-Flow design: 


(1) Vacuum Cylinder Mold ... One of the most important improvements 
in the history of Cylinder Machines. Formation is greatly improved 
due to use of vacuum and elimination of spoke disturbance. For single 
cylinder or multi-cylinder machines. 


(2) Stream Flow Vat . . . Progressive improvements and simplifications 
have been made, including use of stainless steel instead of bronze for 
flexible, adjustable vat circle; independent front, bottom and back 
circle adjustments reading directly on dials; an ingenious toggle- 
operated bleeding and dumping arrangement. 


(3) Flow Spreader . . . New compact design. Hydraulic nozzle “squeezes” 
the flow by decreasing area and increasing velocity during spreading. 


(4) Up-Flow Head Box . . . New design assures steady feeding of the vat 
and permits air to escape. 


For better formation, higher speeds, a wider range of stock freenesses 
proven in operation on a wide variety of grades—from thin cylinder papers 
to roofing felt —investigate the Stream-Flow Vat System. Talk te 
Puseyjones engineers about doing the job in several steps — the proof of 
performance is in the operation. Write us today. 


THE PUSEY AND JONES CORPORATION 
Established 1848. Builders of Paper-Making Machinery 


Wilmington 99, Delaware, U.S.A. 
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NOPCO KFS 


cUTS 
FOAM 


ALL ALONG THE LINE 


Wherever foaming occurs—on screens, in rifflers and 
washers, and on paper machines—you'll find Nopco’s 
newly-developed KFS an outstanding foam killer. It prac- 
tically eliminates obstinate foam conditions within a matter 
of minutes. 


If results with defoamers you have already used have 
not proved satisfactory, it is very probable that KFS is the 
one you are seeking. For this new foam destroyer is stable 
to chemicals such as alum and chlorine, and to hard water. 
It can do a real job all along the line, no matter how great 
the volume or speed of production. 


IN THE PULP MILL 


Added to digester effluent, KFS cuts foam to negligible 
proportions. 

Added to bleach plant effluent, which contains chlorine- 
lignin combinations and foams heavily, KFS does an excep- 
tional job of foam control—making it easy to dispose of 
waste liquors. 

Added to stock immediately before it passes through 
screens, rifflers and washers, KFS prevents foam formation 
during processing. 


IN THE PAPER MILL 


When added to stock just preceding any point where 
foaming occurs, KFS dissipates foam effectively. Thus 
foaming can be eliminated on the screen, in the vat, or 
on the wire. The results are: better fibre dispersal, reduced 
breaks, improved sheet formation. In addition, higher 
machine speeds are made possible without sacrifice of 
quality. 

Nopco KFS is easily made into a stable emulsion, by 
agitation with a paddle. Order enough for a trial run— 
and see for yourself how advantageous this new defoamer 
can be. 


NOPCO CHEMICAL COMPANY 


Formerly National Oil Products Company 
Efevowveo Tn\ HARRISON, NEW JERSEY 
PRESENCE Branches: Boston, Chicago, Cedartown, Ga., Richmond, Calif.) 


1WADIMARK 


Reg. U. S. Pat. Off. 
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May Be Used Continuously or for 
Batch Pulping of Clean Stock 


At last, a pulper that gives you the features 
you’ve always wanted. Truly revolutionary in 
its application of tried and proved pulping prin- 
ciples, the Cowles Pulper achieves efficiency and 
economy unsurpassed by anything else on the 
market. 


Yet, it is more compact ... demands far less 
head room ... imposes greatly reduced floor 
loads: Savings that are achieved through elimi- 
nation of costly and power consuming gearing. 
The result . . . a lower-priced pulper with a 
cost-saving drop in power input. 


The side-drive design of the machine permits 
circulation of high consistencies with relatively 
small high-speed impellers .. . hence, sharply 
reduces the cost of the impeller and drive 
mechanism. A steeply-sloped bottom facilitates 
rapid drainage and will handle batches from 


1000 Trackside 


INCORPORATED 


14-size to full-size with equal efficiency. There 
is virtually no splash at any operating level. 
Submergence is excellent at all levels and 
consistencies. 


Like all Cowles equipment, Cowles Pulpers are 
soundly engineered and ruggedly constructed 
for long, trouble-free service. They embody 
proved hydraulic principles that yield high out- 
put with low power consumption. Write or 
wire for complete details. 


Cayuga, New York 


Associates: Alexander Fleck, Ltd., Ottawa, Ont. 
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TARPS Pat 


TARPL — APPA 


Let’s get together at NATIONAL’S CONVENTION HEADQUARTERS 
Hotel Commodore, New York City. Drop in anytime. Bring your 


problems. We'll talk. And better yet, we'll demonstrate! Our main research 


laboratories are only 3 blocks away. Plan to visit them before you leave town. 


We'll all be on hand to greet you: Frank Greenwall, Chester Gage, Don 
Pascal, Jack Fitzgerald, Fred Bradley, Dick Stevens, John Clay, Bill Stone, 
Ben Gordon, Harry Kaufmann, Dr. Aubrey White, Dr. Carlyle Caldwell, 
Bill Sederlund, Leonard Wood, Harold Zahrndt, Les Klempner 


STARCH PRODUCTS 


DEON a AeDESrOi Nie Aver NOUSE SATs 9th STREET, - NEW ..-YORK CITY 
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MODERN metal 


cuts costs here 


d 
Creping doctor installed on “Mister Nibroc”’ at the Berlin, N. H. plant of 
the Brown Co. ‘’K’’ Monel is one of the doctor blade materials used on this 
paper towelling machine, one of the newest and largest of its kind. 

The creping doctor and “’K’’ Monel creping blades were made and 
furnished by LODDING ENGINEERING CORP., Worcester, Mass. 


W..: and corrosion... worst enemies of 
your doctor blades . . . can be controlled. 

The secret of long-lasting, low-mainte- 
nance blades lies in using a metal that fits 
your operating conditions. 

“K"* Monel is just such a metal. Con- 
sider its unique combination of desirable 
properties: 

@® Non-rusting, highly corrosion- 
resistant. 

@ Strength and hardness greater 
than structural steel. 

@ Heat-treatable for maximum 
properties. 

@ Easy to machine; takes a high 
polish. , 

So much for theory. Now... what about 
practice? 

Many of the nation’s busiest board and 
paper mills report outstanding service from 


“K’’ Monel doctor blades, in both dry and 
wet end applications. 

“K” Monel blades, operating on modern 
high-speed paper machines, have given up 
to 18 times longer service than blades of 
other commonly used metals. Less honing 
and less regrinding are required. Corro- 
sion ceases to be a threat to blade life. 
Maintenance costs drop sharply. 

Monel* has long been a preferred metal 
for many other paper mill applications, 
too... screens, save-alls, jordan bars, 
winding wire, head boxes, rolls and roll 
covers. 

Why not investigate the money-saving 
possibilities of the versatile Inco Nickel al- 
loys for your own Mill? A note to Inco will 
bring you full information. Write today! 


* Reg. U.S. Pat. Off, 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street, New York 5, N. Y. 


-.FOR MINIMUM MAINTENANCE 
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Re: Wider Markets for Paper... 


Cyanamid’s Technical Service Staff 
Helps Manufacturers Develop New Papers 


and Improve Quality of Their Products 


Our Technical Service Staff is available to help 
manufacturers develop new papers tarough the 
proper application of Cyanamid chemical 
products. Present papers may be improved 
quality-wise and processes made more efficient 
through their experienced counsel. 

If you have a “paper” problem, the services 
of the Technical Service Staff are at your call 


with no obligation. The specialized skill and 


experience of these paper chemical specialists, 


backed by our Stamford Research Laboratories, 


are as essential a component of our products as 
are the quality and uniformity inherent in every 


batch of Cyanamid paper chemicals. 


ALWAX** Sizes * WAXINE* Sizes * Rosin Size * PAREZ* Resins 
Synthetic Resins © Casein * Alum ¢ Sulfonated Oils ¢ Fillers 
Defoamers * Soda Ash * Caustic Soda « Salt Cake * Acids * Clays 
AEROSOL* Wetting Agents * CAL MICRO** (Calcium Carbonate) and 


other Paper Chemicals. 
*Reg. U.S. Pat. Off. **Trade-mark 


ae IT TE ATLA LALLA LAL AALS 


Sales Offices: Boston, Mass.; Philadelphia, Pa.; Pittsburgh, Pa.; Balti- 
more, Md.; Charlotte, N. C.; Cleveland, Ohio; Cincinnati, Ohio; Chicago, 
Ill.; Detroit, Mich.; Kalamazoo, Mich.; St. Louis, Mo.; Los Angeles, Calif.; 
San Francisco, Calif.; Seattle, Wash. In Canada: Dillons Chemical Co. 


Ltd., Montreal and Toronto, 
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Look us up at the TAPPI Meeting in New 
York in February. We will be glad to discuss 


your paper chemical problems with you. 


AMERICAN Cyanamid COMPANY 


4 INDUSTRIAL CHEMICALS DIVISION ( 


30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y. 
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HERMANN Japroved CLAFLIN 


“CELOTEX CORPORATION” 


35—No. 2 Claflins 
2—No. 3 Claflins 


x * * 


4—No. 2 & 2—No. 3 CLAFLINS PRE- 
PARING OVER 200-TONS OF BAGASSE 
FOR THE BIG MACHINE. 


Kok 


CLAFLINS USED IN SERIES AND PARAL- 
LEL. No. 2 UNITS EQUIPPED WITH 
150 H.P. MOTORS AND No. 3 WITH 300 
EG: 


Other Installations: Insulite Mill, Minnesota & Ontario Paper Company, No. 2 Claflin for final brushing to Board 
Machine (80-tons). No. 3 to be used for same purpose for 150-tons. Wood Conversion, Cloquet, Minnesota, 
Defibrator Stock (20-tons). U.S. Gypsum, Greenville, Miss., and Lisbon Falls, Me., Refining Rejects from Defibrator 
and Pulp Stones. Flintkote Company, Hilo, Hawaii (3—No. 2 Claflinsx—Bagasse.) Maizewood Insulation Co., 
Dubuque, lowa, Cornstalks for Insulation Board. Alton Box Board, Straw for .009 pt. Hinde & Dauch, Sandusky, 
Ohio, Straw. 


THE HERMANN MANUFACTURING CO. 


Also Mfr's. of TAPPI Standard Pulp Testing-Sheet Making Apparatus 
weccnmrene =. LANCASTER; OHIO 222 esos 
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A great many paper mills 


all over the world 


enjoy the advantages 
of this GOEBEL winder 


Exact specifications or further information will 
be gladly furnished. 


GOEBEL A-G 


DARMSTADT -US ZONE: GERMANY 


OOEBEL-AG. 


13 A 
TAPPI -. February 1950 Vol. 33, No. 2 


a Eee 


TAPPI Annual Meeting 


Commodore Hotel, New York, N. Y., February 20-23, 1950 
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MONDAY, FEB. 20, 1950 
10:00 a.m. General Session (East Ball Room) 
A. E. Bacumann, Missisquoi Corp., Sheldon Springs, Vt., 
presiding 

Secretary’s Report, by R. G. Macdonald. 

President’s Address, by A. EK. Bachmann. 

Tellers Report. 

Joint Textbook Committee Report, by R. 5. Kellogg. 

“The Use of Radioisotopes for Process Control in the 
Pulp and Paper Industry,” by A. P. Schreiber, Tracer- 
lab, Ine. 


10:00 a.m. Wax Testing (Room B-C) 


A. M. Heaup, Marathon Corp., Menasha, Wis., presiding Meet- 
ing of TAPPI-ASTM Joint Committee on Petroleum Wax. 


2:00 p.m. Committee Meetings (Grand Ball Room) 


Sata Get 


All committees of the Association will hold separate meet- 
ings to discuss committee projects and future plans. 


TUESDAY, FEB. 21, 1950 


9:15 a.m. Papermaking (Cylinder Machine) (Grand Ball 
Room) 


J. J. Harrison, Michigan Carton Co., Battle Creek, Mich., 
presiding 

1. “Vortraps as Applied to Paperboard Manufacture,” by 
H. E. Ingalls, Nichols Engineering and Research Corp. 

2. “Application of the Duotrol to Jordans and Refiners,”’ by 
T. Agronin, Shartle Bros. Machine Co. 

3. “Rapid Length Classification of Pulp,’ by Arthur E. 
Reed, Gaylord Container Corp. and J. d’A. Clark. 

4. “Development of the Cowles Pulper,”’ by J. M. Kelly, 
Kelly-Forsyth Corp., Ithaca, N. Y. and Edwin Cowles, 
The Cowles Co., Cayuga, N. Y. 

5. ‘The Dominion Engineering Vacuum Vat,’ by C. 8. V. 
Hawkings, Price Brothers & Co., Ltd. 


9:15 a.m. Fibrous Agricultural Residues (East Ball 
Room) 


8S. I. Aronovsxy, Northern Regional Research Laboratory, 
Peoria, Ill., presiding 

1. “Developments in the Methods of Treating Strawboard 
Waste,” by D. E. Bloodgood, Purdue University. 

2. “Improved Straw Pulp for Corrugating Paper,” by H. M. 
Sutcliffe, and S. I. Aronovsky, Northern Regional Re- 
search Laboratory, R. M. Wilkinson, Central Fibre 
Products Co., W. A. Phillips, and E. R. Carpenter, 
Terre Haute Paper Co. 

3. “Processes Being Used in Europe for the Manufacture of 
Straw Pulp,” by Joseph E. Atchison, Economie Co- 
operation Administration. 

4, “A Laboratory Corrugator for 9-Point Medium,’ by 
Norval F. Wilson, Alton Box Board Co. 


9:15 a.m. Wet Strength (West Ball Room) 
K. W. Britt, Scott Paper Co., Chester, Pa., presiding 


1. “Mechanism of Retention of Beater Added Urea Resins,” 
by M. N. Fineman and I. J. Gruntfest, Rohm & Haas 
Co. 

2. “Neoprene Latex in the Paper Industry,” by R. H. Walsh. 
W. W. Pockman, J. R. Gallaway, E. P. Hartsfield, and 
H. H. Abernathy, E. I. DuPont de Nemours & Co., 
Inc. 
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3. ‘Permanence of Wet Strength Paper,” by C. S. Maxwell, 
and W. F. Reynolds, American Cyanamid Co. 
4, “The Instron Tensile Tester,’ by George 8. Burr and 
Harold Hindman, Instron Engineering Corp. 
“The Softening Mechanism of Paper Plasticizers,” by P. 
E. Nethercut, Watervliet Paper Co. (By Title). 


or 


2:00 p.m. Chemical Engineering (Room B-C) 
J. R. Lrentz, Union Bag & Paper Corp., Savannah, Ga., presiding 


1. “The Role of the Chemical Engineering in the Pulp and 
Paper Industry,” by G. W. E. Nicholson, Union Bag & 
Paper Corp. 

2. “Chemical Engineering Unit Operations in the Pulp and 
Paper Industry,’ by W. L. Badger, Consulting Engi- 
neer. 

3. “Stainless Clad Steel Equipment for Digesters,” by 
W. H. Funk and E. H. Wyche, Lukens Steel Co. 

4. ‘Corrosion in Sulphate Pulp Digesters,”’ by T. C. Johnson, 
Union Bag & Paper Corp. 

5. ‘The Stacomizer—A Continuous Roller Press,’”’ by R. J. 
Chambers and K. C. Logan, Northeastern Paper 
Products, Ltd. 


2:00 p.m. Water (Grand Ball Room) 
A.S. Erspamer, P. H. Glatfelter Co., Spring Grove, Pa., presiding 


1. “Industry’s Stake in the Ohio River Pollution Abatement 
Program,” by Edward J. Cleary, Ohio River Valley 
Sanitation Commission. 

2. Paper by Harry Gehm, National Council for Stream 
Improvement. 

3. “The Waco Filter,’ by Joseph K. Perkins, Improved Paper 
Machinery Co. 

4. “White Water Treatment,’’ by F. A. Eidsness, Infilco, 
Inc. 

5. “Economic Considerations in White Water Treatment,” 
by V. J. Calise, Graver Water Conditioning Co. 

6. “Control of Sewer Losses,’”’ by John G. Dobson, Foxboro 
Co. (By Title). 

7. ‘Some Factors Affecting Slime Formation and Freeness 
of Board Mill Stock,’”’ by Willem Rudolfs and Nelson 
L. Nemerow, Rutgers University (By Title). 


2:00 p.m. Plastics (West Ball Room) 


E. C. Jann, N. Y. State College of Forestry, Syracuse, N. Y., 
and ©. J. Straka, Westinghouse Electric Corp, Trafford, Pa., 
presiding 
1. “Preparation and Properties of Various Papers for Lam- 

ination,” by C. V. Baird, Forest Products Laboratory. 

2. “The Effect of Paper Type and Structure on the Physical 
Properties of Phenolic Resin Bonded Laminates,” by 
M. P. Seidel, Westinghouse Electric Corp. 

3. “The Effects of Paper Type and Structure on the Mois- 
ture Dimensional Stability of Phenolic Resin Bonded 
Laminates,” by M. P. Seidel. 

4. “The Beater Addition Process for Producing Laminated 
Papers,” by F. H. Snyder, L. Spiwak, and A. E. Moyer, 
Snyder Chemical Corp. 

5. “Formulation and Properties of Laminating Varnishes,” 
by C. B. Bennett, Catalin Corp. of America. 

6. “Investigation of the Loss Angle and Dielectric Constant 
of Cellulose,” by Charles R. Calkins, Institute of Paper 
Chemistry (By Title). 
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2:00 p.m. Alkaline Pulping (East Ball Room) 


Henry VRANIAN, Chesapeake Corp., West Point, Va., presiding 


1. “The Pulping of Scrub Oak (Quercus Laevis) by the 
Kraft Process,”’ by R. L. Harvin, C. W. Rothrock, and 
W. J. Nolan, University of Florida and G. B. Hills, Jr., 
St. Joe Paper Co. 

2. “Chemical Cleaning of Black Liquor Evaporators,” by 
H. H. Walther, Dowell, Inc. 

3. “The Operation of the Multiroll Beater-Refiner in a Kraft 
Mill,” by Milton R. Roberts, Hudson Pulp and Paper 
Corp. 

4. “The Effect of Roll Load in the Beating of Southern 
Kraft Pulp,” by C. 8. Walseth and C. J. Geijer, Union 
Bag & Paper Corp. 

5. “The Effect of Kraft Pulp Mill Wastes on Fish Life,” by 
W. B. Van Horn, Institute of Paper Chemistry. : 

6. “The Synthesis of Terpene Carboxylic Esters from 
Crude Sulphate Turpentine,” by Torsten Hasselstrom, 
C. E. Balmer, N. E. Kennedy, and H. W. Coles, Phila- 
delphia Quartermaster Depot. 


WEDNESDAY, FEB. 22, 1950 
9:15 a.m. Water (East Ball Room) 


C. M, Connor, W. C. Hamiltor & Louis, Inc., Miquon, Pa., 

presiding 

1. “Ground Waters,’ by William F. Guyton, U. §. Geo- 
logical Survey. 

2. “Process Water and White Water Filtration with the 
Automatic Backwash Sand Filter,” by F. C. Schad, 
Hardinge Co., Inc. 

3. “Corrosion Control in Water Treatment,’ by W. Tan- 
zola, W. H. and L. D. Betz. 

4. “Electrolytic Coagulation,” by Paul G. Stephan, Alhydro, 
Ine. 

5. “Flow Instrumentation in the Pulp and Paper Industry,” 
by G. Douglas Zimmerman, Fischer & Porter Co. 
(Canada) Ltd. 


9:15 a.m. Coating (Grand Ball Room) 
J. H. Hever, St. Regis Paper Co., Deferiet, N. Y., presiding 


1. “Starch and Its Application in Machine Coating,” by 
Ralph W. Kerr, Corn Products Refining Co. 

2. “Enzyme Conversion and Its Application to Machine 
Coatings,” by D. A. Hughes and W. L. Craig, R. T. 
Vanderbilt Co. 


Note: A motion picture film—Effect of Amylase on Starch— 
will be shown by Sutton Redfern, Standard Brands, Inc. 


3. “A Method of Preparing Water-Resistant Starch Coat- 
ings by the Use of Antimony Compounds,” by Law- 
rence Gussman, N. M. Frisch, and F. J. Sweeney, Stein, 
Hall & Co. 

4. “The Rheology of Paper Coatings,’ by William R. 
Willets, Titanium Pigment Corp. 

5. “Casein Adhesive in Roll Coating,” by J. W. Smith, 
R. T. Trelfa, and H. O. Ware, Hercules Powder Co. 

6. “The Reverse Roll of Principle in Coating,” by Lawrence 
W. Egan, Frank W. Egan & Co. 


Note: Papers not completed at this session will be presented. 
at a Joint Coating-Graphic Arts Session in the afternoon. 


9:15 a.m. Microbiological (West Ball Room) 
R. F. DeLone, Marathon Corp., Rothschild, Wis., presiding 


1. “The Preparation and Testing of Mold Resistant Wrap- 
ping Papers,”’ by Louis C. Barail, U. 8. Testing Co. 

2. ‘Performance of Paper Machine Wet Felts. I. Prelimi- 
nary of Microscopic Observations of the Effect of Micro- 
organisms on the Plugging of Felts,” by Stanley Buck- 
man, Buckman Laboratories. 

3. “Some Further Observations on Penicilium Roqueforti 
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Thom,” by John W. Appling, 8. J. Buckman, and 
Conan D. Cash, Buckman Laboratories. 

4. ‘Purther Studies on the Lethal Effect of Drier Rolls upon 
Bacteria in Paperboard, by B. F. Shema, Institute of 
Paper Chemistry. 

“Slime Acclimatization,” by Paul A. Sartoretto, W. A. 
Cleary Corp. 

6. “Slime Measurement,” by John H. Bardsley, St. Law- 

rence Paper Mills and L. A. McMeown, Consultant. 


Or 


2:00 p.m. Coating and Graphic Arts (Grand Ball Room) 


R. C. Summons, Government Printing Office, Washington, D. CE 
and J. H. Hever, presiding 
1. “The Picking of Paper and Its Relation to Ink Tack,” 
by Andries Voet and Claude F. Geffken, J. M. Huber 
Corp. 
“New Inks for the Graphic Arts,’ by George Cramer, 
Sinclair & Valentine Co. 
3. “The Evaluation of Coated Paper Surfaces for Printing 
Ink Absorption,”’ by Andries Voet and John 8. Brand, 
J. M. Huber Corp. 
4. “Safety Papers,” by Francis L. Simons, Crane & Co. 
(By Title). 


2:00 p.m. Papermaking (Fourdrinier) (East Ball Room) 


wo 


Nogt R. Purtires, Champion Paper & Fibre Co., Canton, N. C., 
presiding 
1. ‘A Stain for Use in the Microscopy of Beaten Fibers,” by 
Francis L. Simons, Crane & Co. 


Symposium on Paper Machine Slices 


2. (a) “Slices for Rag Content Papers,” by Robert W. 

Pattison, Cellulose Fibre, Inc. 

(b) “Slices for Lightweight Papers,” by F. O. Boylon, 
Crown Zellerbach Corp. 

(c) “Slices for Newsprint,’’ by Vernon P. Tipka, News 
Print Service Bureau. 

(d) ‘The Ideal Slice,” by S. A. Staege, Black-Clawson 
Co. 


2:00 p.m. Containers (West Ball Room) 
H. T. Barker, Bird & Son Inc., E. Walpole, Mass., presiding 
Symposium on Fiber Shipping Case Performance 


1. ‘An Unscientific Way to Scientific Help in Packaging,” 

by C. 8. Maenair, Acme Steel Co. Discussion by W. J. 
_ Balster, Don L. Quinn Co. 

2. ‘Some Aspects of Container Handling in Rail Transporta- 
tion,” by E. J. Dahill, Association of American Rail- 
roads. 

3. “Quality Control of Corrugated Shipping Cases from a 
Buyers Viewpoint,” by E. H. Balkema, Colgate-Palmol- 
ive-Peet Co. 

4. “Controlling Container Quality,” by George Farrah, 
Container Corp. of America. 


THURSDAY, FEB. 23, 1950 
9:15 a.m. Semichemical Pulping (West Ball Room) 


R. M. Drummonp, International Paper Co., Glens Falls, N. Y., 

presiding 

1. “Penetration of Neutral Sulphite Cooking Liquors into 
yellow Birch Wood,” by V. J. Wirpsa, St. Regis Paper 
Co. and C. E. Libby, N. Y. State College of Forestry. 

2. “The Manufacture of Chemigroundwood Pulp from 
Hardwoods,” by C. E. Libby and F. W. O’Neil, N. Y. 
State College of Forestry. 

3. “Effect of the Presence of Bark in Semichemical Pulping,” 
by E. L. Keller, Forest Products Laboratory. 

4. “Effect of Mild Treatments with Sodium Hydroxide in 
Producing High Yield Pulps from Aspen,’”’ by K. J. 
Brown and J. N. McGovern, Forest Products Labora- 
tory. 
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PAPER MILL 
ANTIFOAM 


Niwco 71 not only positively eliminates foam and bubble 
formation in paper machine systems without affecting the furnish, 
but it also stays in the water. This means that remarkably small 
dosages of 71 efficiently prevent foam overflows, wadding, uneven 
caliper and other foam difficulties. Churning of Jordans, action of NATIONAL ALUMINATE 


stock pumps and the flow of stock—the very things that cause foam- CORPORATION 


ing in untreated systems—all promote better action of Nalco 71! 6197 West 66th Place 


Complete information on Nalco 71—and on other Nalco Chemicals Chicago 38, Illinois 
Canadian inquiries should be 


for paper manufacturing use will be furnished upon request. addressed to Alchem, Limited, 
Write today for prompt action on a permanent solution for your Burlington, Ontario, Canada 
foaming problems. 


“SYSTEM is 


Serving the Paper Industry through Practical Applied Science 
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OAKITE PRODUCTS, INC., 68 Thames St., NEW YORK 6, N. Y. 
Technical Service Representatives in Principal Cities of U.S. & Canada 
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eliminate 


LOST TIME 


descale clogged wires 


with Oakite Compound No. 32 


S YOU know, if Fourdrinier wires show signs of 

etching after cleaning, you’re in for some expen- 
sive downtime before your paper runs right again. 
That’s why so many maintenance men standardize 
on Oakite Compound No. 32 because it removes 
thoroughly all lime scale without etching wires. 


Then, too, paper pick-up is uniformly good because 
Oakite Compound No. 32 leaves wire in an ideal 
state of dullness. Unlike raw acids, Oakite Com- 
pound No. 32 is an inhibited material that removes 
lime scale without attacking metal. FREE Booklet 
on mill maintenance-cleaning yours for the asking. 
Send TODAY to address below. 


ED INDUSTRIAL ¢ 
_pte Ning 
Ma TRADE MARK REG. U.S. PAT. OFF. ct 
TER av 
'ALS » metnoos * ** 


5. ‘“Groundwood Pulping of Mixtures of Spruce and Aspen,” | 
by Axel Hyttinen and E. R. Schafer, Forest Products 
Laboratory. | 

6. “Quality Improvement of Deinked Stock by Centrifugal | 
Separators,” by H. P. Bailey, J. J. Forsythe, and J.P. | 
Tomaszewski, International Paper Co. 


9:15 a.m. Acid Pulping (Room B-C) 


G. H. McGrercor, Minnesota and Ontario Paper Co., Interna- 
tional Falls, Minn., presiding 
1. “Relation Between Yield and Properties of Spruce and 
Aspen Sulphite Pulps,” by J. N. McGovern, Forest 
Products Laboratory. 
2. ‘“Ammonia-Base Sulphite Pulping of Hardwoods,” by 
E. F. Thode and Y. H. Lee, University of Maine. 
3. “Proven Methods of Screening Maximum Quantities of 
Quality Pulp,” by H. F. Schenk, Magnus Metals Corp. 
4. “Circulation Systems and Sulphite Pulping,”’ by J. M. 
Wilcox, Electric Steel Foundry. 
‘Use of Sulphite Waste Liquor in Cement,” by E. W. | 
Scripture, Master Builders Co. 


Or 


9:15 a.m. Chemical Preducts (Room A) : | 
ArtTHuR PouvaKk, Consulting Engineer, New York, N.Y., presiding | 


Program on Tall Oil to be announced | 


12:45 a.m. Annual Luncheon 
A. E. Bacumann, President of TAPPI, presiding 


1. Presentation of the TAPPI Medal to George H. Mead, 
Mead Corp., by Reuben B. Robertson, Champion 
Paper and Fibre Co. 

2. “The Marshall Plan and the Pulp and Paper Industry in 
Europe,’ by Joseph EH. Atchison, Pulp and Paper 
Division, Economic Cooperation Administration, Wash- 
ington, D.C. 


the slightest corrosion 


COSTS MORE 


ATLAS HAS SERVED INDUSTRY 
FOR OVER FIFTY YEARS. 


ep Cees» Proteenve COATIN | 


B 
: oa 550 FINISHER CATAL’ 
PLrnG osama nner 
IS oDigurepsTITCEe 


Records indicate that the slightest corrosion costs much 
more in time lost for repairs, the actual costs of repairs, 
and idle equipment time, than the slight cost of Atlas 
Protective Coatings. There is an Atlas Protective Coat- 
ing for every requirement. Let Atlas Technical Service 
solve your corrosion problems. 


Write us at 22 Walnut Street, Mertztown, Penna., 
for Bulletin No. 7-1 and get the facts. You'll be 
surprised to learn how little it costs for complete 
protection. In Canada, H. L. Blachford, Limited, 
977 Aquaduct Street, Montreal. 


THE ATLAS MINERAL PRODUCTS COMPANY 


MERTZTOWN, PENNA. HOUSTON, TEXAS 
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an Reverse Roll Coater 


Wn ah Clean, compact design (All adjustments housed within box frames) 


—-———} Pneumatic throw-out for backing roll 
———» Chilled iron rolls ground “light tight” 
—_------ Extra rigid steel frames 


Herringbone drive and change gears 


Completely hooded coating fountain es “a 


Ideal for accurate, even coatings on rough surfaces — as well as smooth 
ones. Every type of coating in a remarkably wide range of viscosities can 
be used with this Egan Machine. Write for quotation or invite our repre- 
sentative to call. 


Send for pamphlets on coating, treating and laminating 


FRANK W. EGAN & COMPANY 
Bound Brook, New Jersey 


Designers and builders of: Treaters, Gummers, Laminators, 
Crepers, Air Dryers, Waxers, Coaters, Festooners, 
Saturators, Printers, Embossers, Winders and Special 
Machinery for Paper Converting. 

Export Division: The Heath Co., 150 B’way, New York 7, N. Y. 


Cable Address: ‘’Heathtech” 


TAPPI .- February 1950 Vol. 33, No. 2 19A 


Present and Potential Utilization of Hardwoods in the 
Pulp and Paper Industry of Western Europe 


JOSEPH E. ATCHISON 


DuRING THE period April 10, 1949 to Sept. 10, 
1949, the writer made a survey of the present and poten- 
tial use of hardwoods for the production of pulp and 
paper in seven Marshall Plan countries. Countries 
visited were: Italy, France, Western Germany, Austria, 
Belgium, Holland, and the United Kingdom. Infor- 
mation was obtained by discussions with Trade Associa- 
tion representatives, industry executives and technical 
men, Government representatives, ECA officials in the 
country missions, and by visiting numerous mills, 
pulp and paper schools, and development laboratories 
in the various countries. The following report sum- 
marizes the information obtained and the observations 
made on the use of hardwood. 

In view of the limited amount of softwood pulpwood 
available in Western Europe, it is believed that exten- 
sive development of the use of available hardwoods as a 
source of fibrous raw material can become of consider- 
able importance to the pulp and paper industry of 
several of these countries. In many countries where 
pulpwood supplies are limited, large scale cultivation of 
fast-growing trees such as poplar offers tremendous 
possibilities for the future. 


DEVELOPMENTS IN ITALY 


The principal use of hardwoods in Italy is for produc- 
tion of mechanical pulp for use in newsprint and other 
printing papers. All but a very small percentage of the 
mechanical pulp manufactured in Italy is produced from, 
poplar. In addition, a small amount of spruce from the 
Italian Alps is made into mechanical pulp. 

For the past twenty years, poplar has been grown in 
Italy as a crop. The Experimental Institute for Poplar 
Cultivation, owned by Cartiere Burgo, has worked on 
development of improved strains of poplar trees which 
are resistant to decay and to all tree diseases. The in- 
stitute grows great quantities of small trees which are 
distributed to the peasants for planting and cultivation 
on their own small plots of ground. This program has 
proved to be highly successful. The trees grow to pulp- 
wood size in 10 to 12 years and have proved to be a nice 
source of income for the peasants. 

Because of the great demand for wood for other pur- 
poses, the cost to the mills is extremely high, being 
about $36 to $40 per cord as compared to $16 to $20 in 
the U.S. and Canada. 

Total production of poplar mechanical pulp is now 
approximately 500 metric tons per day or about 140,000 
metric tons per year. Almost every mill in Italy, which 
produces newsprint or other printing papers, has its own 
grinding equipment for production of poplar mechanical 
pulp. 


Josep EK. Arcurson, Member TAPPI, Chief, Pulp and Paper Secti 
Forest Products Branch, ECA, Washington, D. C. tie = 
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The Burgo Co., in its development laboratories and 
pilot plant; has conducted extensive experimental work 
on a high-yield semichemical process for production of 
poplar pulp of greater strength than groundwood. 
They spray the chips with a low concentration of 
chemical, then defiber the chips in an attrition mill 
which they have designed and built themselves. By 
this process. they have produced a poplar pulp in 90% 
yield which has many of the qualities of groundwood but 
which has far greater strength. They hope to be able to 
make newsprint with 100% poplar, thus eliminating the 
need for unbleached sulphite softwood pulp, by blend- 
ing this semichemical pulp with their regular mechanical 
poplar pulp in about a 50-50 ratio. They feel certain 
that they can, at least, reduce the unbleached sulphite 
pulp content to a considerable extent. 

The same company also uses a limited quantity of 
poplar for production of unbleached sulphite pulp which, 
they blend with their softwood sulphite in the produc- 
tion of newsprint. 

The only sizable use of hardwood for chemical pulp 
is by Snia Viscosa for the production of rayon pulp. 
This operation is described below. 

A limited quantity of rough structural board is being 
produced from extracted chestnut chips, but these are 
not being used for production of any chemical pulp at 
the present time. 

There are no mills in Italy now producing bleached 
semichemical pulp from hardwoods, although a limited 
amount of experimental work is now being carried out 
along this line. Many mills were extremely anxious to 
learn of the highly successful use of the neutral sulphite 
semichemical process in the United States for produc- 
tion of bleached pulp. All available information on this 
development was passed on to them, including cooking 
conditions, refining procedures, equipment used, and 
possible end uses of the product. 

In summary the extent of the use of hardwoods in 
Italy at the present time is estimated as follows 


Production Production 

per day, per year, 

Product metric tons metric tons 

Mechanical pulp from poplar 500 140,000 

Unbleached sulphite pulp from poplar 5 1,500 

Rayon pulp from beech 85 25,000 
Structural board from extracted chestnut 

chips 20 6,000 

Total 615 172,500 


Production of Rayon Pulp from Becchioood 

Snia Viscosa, the largest artificial textile manufac 
turer in Italy and the only producer of rayon pulp, 
manufactures about 85 metric tons of rayon pulp per 
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KAOLIN CLAY FACTS --- for Paper Makers 


NUMBER 1 OF A SERIES FROM THE J. M. HUBER CORPORATION LABORATORIES 


CHOICE OF DISPERSING AGENT IMPORTANT IN HIGH 
CONCENTRATION CLAY-WATER SYSTEMS. In operations 
requiring fluidity in highly concentrated clay-water systems, 
the selection of the right dispersing agent in the proper 


quantity is extremely important. Dispersing agents in com- 
mon use fér such purposes are the complex poly-phosphates, such 
as sodium hexametaphosphate, sodium tetraphosphate, or tetra- 
sodium pyrophosphate. In some cases, the addition of small 
quantities of strong alkalies, such as soda ash or caustic soda, 
along with the phosphates produces greater liquification than 
can be produced by the use of a single material. 


FR mimeo 
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Effect of concentration of dispersing agents on 
flow properties of a 70% clay-water system. 
(Graph shows two Huber Special Hydratex 
Clays.) 


CLAY BRIGHTNESS UP AS MOISTURE DECREASES, 
STUDY SHOWS. The final brightness value of paper grade 
clays increases as the moisture content decreases, recent ex- 
perimental work at the Huber Clay Laboratories, Huber, Ga., 
reveals. With moisture content of 8.0 per cent, brightness of 
82.1 per cent was recorded. With moisture reduced to 1.5 per 
cent, brightness jumped to 84.1 per cent. The work is re- 
ported in “‘Brightness Determination of Paper Clays,’’ by 
‘“AERFLOTED" FILLER CLAYS CUT FREIGHT N. Millman, Technical Director of the Huber Clay Labora- 
COSTS 3-5%. The cost of freighting filler grade paper tories. Reprints may be obtained by writing the J. M. Huber 
clays has been cut up to 5 per cent in many paper plants Corporation on your company letterhead. 

by the use of Huber’s “‘Aerfloted’’ clays. Secret is the 
lower moisture content of “‘Aerfloted”’ filler grade clays. 
They contain only 1 to 2 per cent moisture, while water 
washed fillers average 4 to 7 per cent. Use of water 
washed fillers, with their high moisture content, adds 
3 to 5 per cent to freight cost. 


Determining clay brightness at the Huber Clay Laboratories. 


Per Cent Moisture in Filler Grade Paper Clays 


Huber “‘Aerfloted’’ Hi-White (Ga.) 1-2 

Huber ‘‘Aerfloted Paragon GonGate) 1-2 lave woummere ied 

Huber Water Washed Filler (Ga.) 5} your copy of 

*Water Washed Filler “‘A’”’ 5 “Kaolin Clays and 

& . nO Their Industrial 

Water Washed Filler B 4 ses new Huber 
(*Samples “‘A’’ and ‘‘B’’ were obtained from mills using a Mase ee 
these grades regularly, and are believed to be representa- “‘Aerfloted’’ Clay is passed through dryer at Huber Write on your com- 
tive. ) plant to reduce moisture content. pany letterhead. 


J. M. HUBER CORPORATION, 342 Madison Avenue, New York 17, N.Y. 


i R MINES & PLANTS—LANGLEY, S.C., GRANITEVILLE, S.C., AND HUBER, GA. 


OEE WeOeRe DS LARGEST CLAY PRODUCERS 
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day from beech pulpwood. This wood is all imported 
from Yugoslavia. The pulp mill is extremely modern 
and a very high-quality dissolving pulp is being pro- 
duced. It was laid out and built after the Snia Viscosa 
engineers had made a thorough study of United States 
and Swedish pulp production methods. 


The beechwood is barked by hand because none of the 
barkers thus far tried have proved successful in getting 
the wood sufficiently clean. The mill manager had been 
investigating the possibilities of using a hydraulic bar- 
ker, such as the Allis-Chalmers stream barker, for this 
purpose. Beech is extremely difficult to bark properly 
because of the close adherence of the bark to the wood, 
and the presence of an underlayer which is almost im- 
possible to remove by ordinary barking methods. It 
was noted that the wood was cleaned completely in the 
wood room and every dark spot was removed. In 
contrast, mills using beechwood in some of the other 
countries did not do a complete job of cleaning the wood 
and as a result the dark spots carried through to the 
finished pulp. 

The clean beechwood is then chipped in the conven- 
tional manner and cooked by the calcium bisulphite 
process in large stationery digesters, from which the 
pulp is blown into blowpits. This unbleached pulp is 
then run over knotter screens, washers, rifflers, centrif- 
ugal screens, flat screens, and thickeners, during which 
process it is cleaned rather thoroughly. It is then 
bleached in a multistage bleaching and refining opera- 
tion. It is first chlorinated, then washed and run 
through a 10% caustic extraction stage, washed again 
and given a hypochlorite bleach. After a final washing, 
it goes to stock chests from which it is drawn and run 
onto a fourdrinier-type pulp forming machine and made 
into sheets about 80% moisture-free for use in the 
rayon mills. 

The yield is about 38 to 40%, based on the moisture- 
free weight of the pulpwood. 


Need for Steam Economy 


Because of the high cost of steam and power, the engi- 
neering staff has been studying the possibility of con- 
centrating and burning their waste sulphite liquor merely 
for its fuel value. They have determined that this 
would be an economical operation even if heat alone 
were recovered. At the writer’s suggestion, they plan 
to investigate the new Weyerheuser sulphite pulping 
operation using magnesia base liquor in which both heat 
and chemicals are recovered. 

This company has also conducted extensive experi- 
ments on the use of eucalyptus for production of rayon 
pulp. In runs of 1,000 tons, they have found that this 
wood gives a superior product for high-quality rayon. 
It is possible to grow the eucalyptus trees in Italy to 
pulpwood size in 8 years. An additional advantage is 
the fact that with one planting as many as five crops 
can be obtained from a single tree, thus replanting is 
necessary only after 40 years. The company has con- 
cluded that raising eucalyptus as a crop for production 
of rayon pulp will be economical and they have pro- 
posed a project for large scale cultivation of this tree in 
Sicily. This project would eventually involve construc- 
tion of a dissolving pulp mill in Sicily and could prove 
to be of great advantage to that island in creating an en- 
tirely new industry there. 
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DEVELOPMENTS IN WESTERN GERMANY 


The use of hardwoods by the pulp and paper industry 
in Western Germany is confined almost entirely to the 
production of dissolving pulp, principally for the rayon 
industry. Almost all of the dissolving pulp mills in the 
Western Zones use beech pulpwood from the large beech 
forests in these zones. Both the sulphite and sulphate 
processes are used for production of dissolving pulp 
from beech although the sulphite process is the more 
widely used. 

Previous to the war, these mills produced an excellent 
quality dissolving pulp from beech but at the time of the 
writer’s visit, the quality of the pulp being produced 
was far below prewar standards and far inferior to the 
dissolving pulp being produced in Scandinavia and 
North America. This poor quality is not, however, the 
fault of the wood but is due to poor production methods 
in the mills themselves. 

It is believed that there is an adequate quantity of 
beech pulpwood in Germany to satisfy the total re- 
quirements of the dissolving pulp mills. Some of the 
mills now claim that they can produce a higher quality 
rayon pulp from imported spruce wood but it is believed 
that this claim is merely because of the fact that im- 
ported wood is actually less expensive to the mills than 
domestic pulpwood. In view of the plentiful supply of 
beech available, and the high quality of rayon pulp 
which can be produced from it, there seems to be no 
need for importation of any pulpwood for this purpose. 

The German mills have done extensive experimental 
work on the production of rayon pulp from beech by 
various processes including the sulphite and sulphate 
processes and by means of prehydrolysis followed by the 
sulphate process. Although the yield of pulp was found 
to be higher when using the sulphate process, the total 
yield from the wood, including byproducts, was higher 
when using the sulphite process. Although the yield of 
dissolving pulp from beech by this process is only about 
40% the over-all yield from the wood, including the 
yeast produced from the sulphite waste liquors, is about 
70 to 75%. 


In observing the operations of the dissolving pulp 
mills, it appeared that they do not have adequate clean- 
ing facilities for either the wood or the pulp. This is, no 
doubt, one important factor responsible for the inferior 
quality of their pulp. The wood is not cleaned com- 
pletely before chipping and as a result dark specks re- 
main in the chips: Then after the chips are cooked by 
the sulphite process, the pulp is washed in pits, passed 
over rough screens, and on to the bleach plant. These 
screens are entirely inadequate to remove all of the dirt 
from the pulp, thus it goes to the bleach plant in a 
rather dirty condition. 


In the bleach plant the unbleached pulp is run 
through an acid chlorination stage in which 30 to 40% 
of the chlorine demand is added. It is then washed, and 
run through a calcium hypochlorite stage in which an 
additional 30 to 40% of the chlorine demand is added. 
It is washed again and run through a second hypo- 
chlorite stage in which the remaining 30% of the chlo- 
rine demand is added along with about 1% caustic soda 
based on the dry weight of the pulp. The bleached pulp 
is washed again and given a stabilizing treatment with 
sulphur dioxide gas. Total chlorine demand amounts 
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to about 3.5% based on the oven-dry weight of the pulp. 

The bleached pulp is run over one set of flat screens 
and on to the stock chest from which it is drawn to the 
pulp forming machine. It was noted that the pulp was 
still dirty when it was run over the forming machine 
and admittedly was of poor quality. The reasons for 
this dirty pulp were undoubtedly the inadequate screen- 
ing capacity, the absence of rifflers in the pulp system, 
and inadequate wood-cleaning equipment. 

In contrast to this operation, the Italian dissolving 
pulp mill, using the same type wood, produces an ex- 
tremely clean pulp of superior quality. In order to 
meet this quality, it appeared that the German mills 
would have to install completely new and adequate 
cleaning systems. 

No important use is being made of hardwoods for 
paper pulp at the present time. The pulp and paper 
school at Darmstadt has done experimental work on the 
use of hardwood for paper pulp. However, since beech 
is the only hardwood available in Germany in large 
quantities, and pulp produced from it by the conven- 
tional processes has poor quality as a paper pulp, the 
commercial use of hardwoods for paper has not been 
given much consideration. 

It seems very possible that the neutral sulphite semi- 
chemical process might be applied to beech with much 
better results than has been obtained by the conven- 
tional pulping processes. Many hardwoods are being 
used successfully for production of paper pulp by the 
semichemical process and by modifications of the con- 
ventional processes. It would certainly be worth while 
to investigate these possibilities in Germany. 

One development which may become of tremendous 
importance to Western Germany in the future is the 
cultivation of poplar for use as pulpwood. Dr. Jayme 
at Darmstadt has been conducting extensive studies in 
this field. He has several small poplar plantations on 
which he is growing many strains of poplar to determine 
the most suitable type for cultivation in Germany. 
Thorough studies are made on each type as to rate of 
growth, cellulose content during various stages of 
growth, resistance of plant diseases and decay, soil con- 
ditions most suitable for growth, etc. In addition to 
these plantations, some poplar has been planted in the 
forests on an experimental basis. 

Thus far, the strains of poplar studied have been 
found to require soil with rather high moisture content. 
Thus originally, it will be planted along streams and 
rivers or in small areas of the forests where the moisture 
content is high. However, they hope to be able to de- 
velop strains of poplar which will grow in drier areas so 
that more extensive cultivation of this tree will be pos- 
sible. 

Because of the extremely rapid growth rate of poplar 
and the variety of its uses for pulp and paper, this de- 
velopment may prove to be extremely important to the 
German pulp and paper industry. The industry has 
realized the importance of the possibilities, and as a re- 
sult no less than five associations are now in existence in 
Germany to promote the growing of poplar. 


Poplar trees grow to good pulpwood size in 10 to 12 
years as contrasted to 50 to 60 years for spruce and 80 
to 100 years for beech, the principal pulpwood species 
now being grown in Germany. Poplar pulpwood could 


24 A 


be used for all of the pulp now being produced from 
beech and for a large quantity of the pulp now being 
produced from spruce. Thus if large scale cultivation of 
poplar is successful, the growing cycle may be reduced 
drastically from the present 80-year cycle. 

Dr. Jayme has found that the cellulose content of 
poplar reaches a maximum at an age of 10 to 12 years at 
which time it is of excellent size for pulpwood. The 
cellulose content goes down at an age of about 20 years 
because of the higher proportion of lignin present at 
that time. 

Dr. Jayme has proposed a plan to plant poplar ex- 
tremely thick, then after 10 to 12 years take out about 
85% of the trees for pulpwood, leaving 15% to mature 
for use in producing matches, crates, and other wood 
products. The German Forestry Department seems to 
be opposed to his plan because they are not interested in 
growing trees specifically for pulpwood. This results 
from the fact that the top price for pulpwood is about 
50 marks per raummeter as compared to about 200 
marks for saw timber. They are against cutting the 
young trees for pulpwood but always want to leave all of 
them to mature to saw timber size. Dr. Jayme argues 
logically that by growing poplar in this manner, it will 
be possible to save large amounts of spruce and beech 
now being used for pulpwood and, in addition, imports 
of highpriced pulpwood can be decreased. This plan 
would certainly be of great benefit to the pulp and paper 
industry of Germany and should be given every possible 
consideration. 

While investigating possible fast-growing woods for 
cultivation in Germany, Jayme studied eucalyptus in 
Australa. It was found that this tree does not grow 
well in Germany. In addition, the fiber does not have 
as much strength as poplar. The Australians have ac- 
tually been replacing their eucalyptus with fast-grow- 
ing pine trees with great success in recent years. They 
have obtained yields of 250 to 500 cubic feet per acre 
per year by using the same planting procedure as ad- 
vocated by Jayme for poplar in Germany. Trees are 
planted very thick, then at about 15 years of age the 
small trees—about 6 inches in diameter—are cut for 
pulpwood. Then the remaining trees are left until 
about 40 years of age to be cut for saw timber. From 
the young pine trees they are able to produce a beautiful 
white groundwood pulp as well as chemical pulp for use 
in newsprint. Australia now has about 200,000 acres 
planted in pine and many farmers have found that 
growing it as a crop has proved to be very profitable. 

Growing of poplar as a crop has been very successful 


in Italy and it is certainly probable that it could be 
equally as successful in Germany. 


DEVELOPMENTS IN BELGIUM 
AND THE NETHERLANDS 

Since there is practically no pulpwood of any kind 
available in the Netherlands, there has been no im- 
portant development in the use of hardwoods for pulp 
and paper. 
The use of hardwoods in the Belgium pulp and paper 
industry is confined to rough grades of products such as 
wallboard and roofing felt. 

There is one wallboard mill in Belgium which uses 
waste from match factories supplemented with low- 
grade poplar and birch as their fibrous raw material. 
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From soap to rayon, powerful Caustic Soda plays 
an important part in the preparation of a 
multitude of products used every day. In the con- 
version of cellulose into rayon — in the saponifica- 
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turing processes. 
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HEALTH 


They use the Asplund defibrator process for production 
of about 25,000 tons of wallboard per year from these 
materials. 

Papeteries General also uses the Asplund: process for 
preparation of about 4000 metric tons of pulp per year 
for use in their roofing felt which is used as the base 
stock for floor covering. They also use lowgrade poplar 
and birch pulpwood as their fibrous raw material. 

At the time of the writer’s visit, no use was being 
made of hardwoods for the production of high-grade 
pulp or paper. Since pulpwood supplies in Belgium are 
extremely limited, it is doubtful that there will be any 
appreciable development in this field in the future. 


DEVELOPMENTS IN FRANCE 


At the present time, hardwoods are used on a very 
limited scale for the production of pulp and paper in 
France. However, a number of mills are conducting 
experimental work on the use of the semichemical proc- 
ess for the production of increased amounts of pulp 
from hardwood. Expansion of production facilities for 
producing semichemical pulp are being held up by 
several mills at the present time because of the waste 
liquor problem. No satisfactory system has been 
worked out for recovery of the waste liquors and most 
mills are located where they would not be allowed to 
run this liquor into the streams. Thus, the difficulty of 
handling the waste liquor seems to be the major ob- 
stacle in the way of the expansion of the use of hard- 
woods and high yield pulping processes for softwoods. 
Some work is being done at the school in Grenoble and 
at a few of the mills on this problem although no inten- 
sive program seems to be in progress. 

Most of the mills which are now using hardwoods 
were visited, and discussions were held with mill execu- 
tives, technical directors, and production men in these 
mills. Summary reports were left with each of them re- 
garding the progress which has been made in the United 
States in the use of hardwoods and straw. In addition, 
contents of these reports were discussed and many 
questions were asked by these men regarding the proc- 
esses used, the best type of equipment for these proc- 
esses, yield to be expected, quality of pulp obtained, 
costs of production, prospective uses of the pulp, etc. 
During this time, the plans which these and other com- 
panies have for future improvements and increased pro- 
duction capacity were revealed, thus giving some rather 
good background information on developments to be 
expected in the French pulp and paper industry. 

Total production of pulp from hardwoods at the 
present time in France is no more than 100 metric tons 
per day or 30,000 metric tons per year. Of this amount, 
about 20,000 metric tons consists of bleached soda pulp 
made from extracted chestnut chips. Three different 
companies, who are primarily engaged in the chemical 
industry, operate these soda pulp mills as a secondary 
operation. Each produces about 6500 metric tons of 
bleached pulp per year. One of these mills converts its 
entire production into dissolving pulp of high alpha- 
cellulose content. This is the only dissolving pulp being 
made in France at the present time. Another of these 
mills operates a book paper machine and uses the 
bleached chestnut pulp in the book paper along with 
bleached softwood sulphite in a 80 —20 ratio. Although 
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this company makes various grades of book and printing 
paper, they always use 80% bleached chestnut pulp in 
the furnish. 

There is a small amount of hardwood being ground | 
into mechanical pulp for use in printing papers and in 
boards. One company is producing a rather strong 
groundwood pulp from birch by steaming the logs be- | 
fore grinding them. Total production of groundwood | 
from hardwood is approximately 20 tons per day or 
6000 tons per year. 

Only one company thus far has completed facilities 
for large scale production of semichemical pulp from 
hardwood. This company, La Rochette, has installed 
equipment for production of about 60 metric tons per | 
day but because of lack of power, their present produc- 
tion is limited to about 10 to 12 tons of semichemical 
pulp per day. All of this pulp is used in paperboard for 
boxes. In addition to using hardwoods for high yield 
pulp, they also use a semichemical process for obtaining 
high yield pulp from softwood. This pulp is also used in 
their paperboard. Several other mills are also conduct- 
ing experimental work on the use of semichemical hard- 
wood pulp for paperboard. 

There was no indication of any work being done on 
the use of bleached hardwood semichemical pulp for 
high-grade papers. There has been a rapid development 
in this direction in the United States in recent years and 
it appears to offer an important field for development in 
France. Bleached hardwood semichemical pulp can be 
used in small amounts in almost all grades of papers and 
in large amounts in some grades which are now being 
produced entirely from softwood pulps. 

Summary of estimated production of pulp from hard- 
woods in France during 1948 is as follows: 


Amount, metric 


Grade of product tons per year 


Bleaehed soda pulp from extracted chestnut 
chips (of which 5000 tons were for dis- 


solving pulp) 20,000 
Mechanical pulp from poplar and birch 6,000 
Semichemical pulp for paperboard 4,000 

Total 30,000 


In view of the extreme shortage of softwood pulp- 
wood in France and its dependence on imports to supply 
existing pulp mills, it is believed that there will be ex- 
tensive developments in the use of hardwoods by the 
pulp and paper industry in France. 


It is possible that large scale cultivation of fast grow- 
ing trees such as poplar for use as pulpwood might be 
equally as successful in France as in Italy. Poplar can 
be grown to pulpwood size in 10 to 12 years as con- 
trasted to 50 to 60 years for spruce and pine, the prin- 
cipal species now being used. It could be used exten- 
sively for the production of pulp and paper, and the 
forest area necessary for sustained yields of poplar pulp- 
wood would be far less than is necessary for these soft- 
woods. As mentioned previously in this report, Italy 
has been very successful in this field and, at the present 
time almost 100% of the mechanical pulp used for 
newsprint in Italy is produced from poplar. 
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Production of Bleached Soda Pulp from Extracted 
Chestnut Chips 

There are three chemical companies in France which 
have gone into the manufacture of pulp merely to make 
use of a byproduct, the chestnut chips remaining after 
extraction of the tannin from them. 

These mills use practically the entire chestnut tree 
and break this wood into very small chips for extraction. 
For this purpose they use a rather unusual chipper 
which has knives on the periphery of a disk. 

The chips are conveyed to extractors in which the 
tannin is extracted with low-pressure steam. At the 
completion of this process, chips are dumped out of the 
extractors at about 65% moisture content. This high 
moisture content of the chips has presented something 
of a problem when they later cook them for pulp be- 
cause it prevents proper impregnation of the liquor. 
This difficulty has been especially troublesome when 
they have used the Asplund process for cooking the 
chips with a low concentration of chemical. Experi- 
mental work was in progress with various kinds of 
presses and dewatering equipment in an attempt to re- 
duce this water content to about 45% of the weight of 
the chips. 

The extracted chips are screened in a rotary screen to 
remove fines which are burned, and oversized chips 
which can be further broken up. These chips are then 
fed to stationery vertical digesters in which they are 
cooked at about 120 pounds pressure by the soda proc- 
ess, using 17% caustic soda based on the dry weight 
of the chips. After cooking, chips are blown to diffusers 
and the pulp is washed. It is then run through a two- 
stage continuous bleaching process using chlorine and 
hypochlorite with no washing between stages. At com- 
pletion of the chlorine stage, alkali is added for neu- 
tralization, then the pulp continues on to the hypo- 
chlorite stage. However, all of these mills plan to in- 
stall washers between bleaching stages in the future. 

Each of the three mills produces about 25 metric tons 
of bleached soda pulp per day by this process, or a total 
for all mills of 20,000 tons per year. 

Part of this pulp is refined, in a variation of the 
bleaching process, for use as dissolving pulp. An ex- 
cellent quality dissolving pulp of as high as 95% alpha- 
cellulose content has been obtained by this method. 


Production of Semichemical Pulp by Use of Asplund 
Defibrator 


One of the mills mentioned in the section above has 
installed a complete Asplund defibrator unit for experi- 
mental production of about 10 to 12 tons of semichemi- 
cal pulp per day using extracted chestnut chips as the 
raw material. This project was set up for the benefit of 
some of the company’s smaller chestnut extraction 
plants in which the extracted chips have been burned 
previously. They are now in the process of determining 
the best cooking conditions, the best refining conditions, 
the best uses for the pulp so prepared, etc. The plan is 
to install defibrator systems in each of their two small 
extraction plants, to make use of the extracted chips in 
these plants. They have not decided as yet whether 
' they will make wet lap pulp for sale or whether they 
will make board with the pulp themselves. However, 
from the results obtained thus far, the project seems cer- 
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tain of success and the pulp so prepared will doubtless 
have many uses. 

At the time of the visit, they were adding about 5% 
caustic soda (based on the dry weight of the chips) to | 
the chips in the chip bin. These were allowed to stand 
for some time until the cooking liquor penetrated, then 
the chips were run continuously into the Asplund defi- 
brator cooking chamber where they were cooked at 
about 130 pounds pressure. After passing on through 
the defibrator disks, the pulp produced was of rather 
good quality. However, they plan to try many other 
cooking conditions and methods before going into com- 
mercial production. 


Semichemical Pulp Mill at La Rochette 


The only mill which has completed facilities for pro- | 
duction of semichemical pulp from hardwood is the La | 


Rochette mill of Cartonnerie La Rochette. This com- |} 


pany has a complete semichemical plant of modern de- | 
sign with a production capacity of 60 metric tons per | 
day. However, because of lack of sufficient power, | 
production was limited to 10 to 15 tons per day at the | 
time of the visit. 

The only part of the operation which appeared con- 
trary to good practice was their failure to bark the wood 
before chipping it. This results in excessive use of 
chemicals, discoloration of the pulp and lower pulp 
strength. The unbarked wood is chipped in the usual 
manner and the chips are stored in chip bins above four 
large rotary globe digesters. These digesters, made in 
France, each hold about 7 to 8 tons of chips. 

At the present time pine chips are being cooked by a 
modified soda semichemical process. They use 5% 
sodium hydroxide and 1% sulphur based on the dry 
weight of the chips, and cook at 80 to 100 pounds pres- 
sure for about six hours. After completion of the cook, 
the chips are dumped into a v-shaped bin and con- 
veyed to Bauer refiners. The yield is about 70% of 
a brown-colored pulp which is used as bottom liner for 
their test liner board. 

The pulp goes from the Bauer refiner to a chest from 
which it is drawn to a Swedish wet lap machine and 
made into wet laps for storage at about 50% moisture 
content. The only washing the pulp receives is on the 
vacuum thickener of the wet machine. 

In addition to cooking pine, they also cook some 
poplar wood by the neutral sulphite semichemical proc- 
ess, using about 10% sodium sulphite and 4% soda 
ash based on the dry weight of the wood, cooking for 4 
hours at 80 to 100 pounds pressure. This gives them a 
yield of only 63% of a light greyish-colored pulp. Nor- 
mally, in the United States, yields of 75% are obtained 
by this process. The difference is, no doubt, due to the 
fact that the yield here is based on the weight of the 
unbarked wood and in the United States the yield is 
based on the weight of the bark-free wood. The color 
could also be improved greatly if the wood were barked 
before cooking. 

This poplar semichemical pulp is used in place of old 
newspapers as filler furnish for their board or in the 
bottom liner furnish. It gives greater strength to the 
board than does waste news. 

As soon as power is available this company plans to 
increase the semichemical production to 50 or 60 metric 
tons per day. 
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DEVELOPMENTS IN AUSTRIA 


The use of hardwoods is limited to the use of beech 
pulpwood for production of dissolving pulp. There is 
only one mill using beech for this purpose and it is pro- 
ducing about 1500 metric tons of dissolving pulp per 
month. There are adequate quantities of beech pulp- 
wood available in Austria for this purpose. It is be- 
lieved that the use of beech for this purpose can actually 
be increased in view of the plentiful supplies of this 
wood which are available. The quality of the dissolv- 
ing pulp being produced is far inferior to that being 
produced in Scandinavia and North America. How- 
ever, this poor quality is not the fault of the wood but 
is because of poor production methods in the mills 
themselves. 

No use is being made of hardwood for paper at the 
present time. Since beech is the only hardwood avail- 
able in Austria in large quantities, and pulp produced 
from it has poor quality as a paper pulp, the commercial 
use of hardwoods for paper has not been given much 
consideration. 

In view of the tremendous amount of rainfall in 
Austria, it seems probable that the cultivation of 
poplar for use as pulpwood could be highly successful. 
Poplar trees grow to pulpwood size in 8 to 10 years as 
contrasted to 50 to 60 years for spruce and 80 years for 
beech, the principle pulpwood species now being used in 
Austria. Poplar pulpwood could be used for all of the 
dissolving pulp now being produced from beech and for 
a considerable portion of the paper pulp now being pro- 
duced from spruce, including mechanical pulp for news- 
print. Thus, if large scale cultivation of poplar could 
be promoted, the growing cycle might be reduced 
drastically and the yearly yield of pulpwood could be 
increased greatly. 

Because of the rapid growth rate of poplar, and the 
variety of its uses for pulp and paper, it is believed that 
the possibilities of cultivating it in Austria should be 
investigated thoroughly. Growing poplar as a crop in 
Italy has been very successful, and at the present time 
almost all of the mechanical pulp produced in Italy is 
made from poplar. 


Production of Dissolving Pulp from Beech 


One mill in Austria produces about 1500 metric tons 
of dissolving pulp per month using beech pulpwood as a 
raw material. This mill is located beside a rayon and 
staple fiber plant and all of the dissolving pulp is sold 
to this plant. Both plants were visited by the writer 
and discussions were held regarding their mutual prob- 
lems. 

It was brought out in the discussions that the quality 
of the dissolving pulp produced in Austria has been poor 
and nonuniform. ‘This has caused difficulties in opera- 
tion in the staple fiber mills. Some of the reasons for 
this low quality of the dissolving pulp were observed 
when the pulp mill was visited. These observations 
were discussed with the mill staff and changes were 
pointed out in methods of operation and in additional 


equipment which would result in a considerable amount 
of improvement in the quality of the product. 

One of the most obvious reasons for the low quality, 
just as in the German mills, appeared to be inadequate 
cleaning of both wood and finished pulp. The beech- 
wood was not being cleaned sufficiently to remove all 
of the inner bark and dark spots before the wood went 
to the chippers. Then the pulp was not being cleaned 
properly either before or after the bleaching operation. 
They used no low consistency riffing operations to re- 
move the heavy dirt and knots and the screening capac- 
ity was entirely inadequate to remove the lightweight 
dirt. (Thus the bleached pulp came off the pulpforming 
machine containing large amounts of dirt specks and 
was far inferior in quality to the dissolving pulp pro- 
duced in Scandinavia and North America. 

It has been proved that excellent quality dissolving 
pulp can be produced from beech if proper methods and 
equipment are used. It is believed that the dissolving 
pulp mills in Austria will have to take steps to improve 
the quality of their pulp both for home consumption 
and in order to compete on the world markets. In 
addition to installation of equipment for proper clean- 
ing, it is believed that improvement could be made in 
the bleaching and refining operation, especially the 
caustic extraction process, which would result in much 
higher quality pulp. 


DEVELOPMENTS IN THE UNITED KINGDOM 


Although there is no domestic pulpwood available in 
the United Kingdom for production of high-grade pulp, 
there is some waste hardwood being used for produc- 
tion of wallboard. This consists of waste willow from 
diseased trees, and tree trimmings from the Forest Serv- 
ice lands. It is made into both insulating board and 
hard board. 

The wallboard mill uses a furnish consisting of 50% 
Asplund fiber and 50% groundwood, both of which are 
prepared from the domestic waste wood mentioned 
above. ‘The same furnish is used for both hard board 
and insulating board. Total production amounts to 
about 28 metric tons per day. 


DEVELOPMENTS IN THE SCANDINAVIAN COUNTRIES: 


Although the writer did not visit the Scandinavian 
countries on this trip, it has been reported by represen- 
tatives of the Scandinavian pulp and paper industry 
that the use of hardwoods has been increasing greatly 
during the past few years. 

Birch is now being used extensively by some mills in 
the manufacture of sulphate-type pulp. While burst- 
ing strength, tear, and other strength properties of 
finished paper manufactured from this pulp are not quite 
as high as those resulting from use of coniferous sulphate 
pulp, the birch pulp seems to be in considerable de- 
mand. It is currently being sold at $10 per ton below 
coniferous wood pulp which no doubt plays an impor- 
tant part in encouraging its use in as many papers as 
possible. 
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The inside surface of a Hydrapulper is 
entirely clear of obstructions. There are 
no dead spots where stock can pocket 
and avoid the terrific hydraulic and me- 
chanical action set in motion by the all- 
powerful rotor. 

The hydraulic action that induces 
rapid hydration has the force and effect 
of a dozen fire hoses playing on the 
material. 

The mechanical action that tears and 


disintegrates the material so fast may be 
likened to a buzz saw eating its way 
through a plank. 

Today Hydrapulpers are standard 
equipment for the fast, thorough and 
uniform pulping of virgin pulps, dirty 
mixed papers, straw, groundwood, wet- 
strength, broke. 

Available for batch or continuous 
operation in many sizes. Cast iron or 
welded steel tubs. 
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The Position of Cellulose as a Chemical Raw Material 


E. A. TIPPETTS 


THE SELECTION of the subject ““The Position of 
Cellulose as a Chemical Raw Material” for discussion 
is, I believe, a very timely choice. Timely because 
the attack by synthetic polymers upon the position of 
cellulose in the plastic, fiber, and film fields has become 
greatly accelerated in the years since the last war. It is 
the purpose of this paper to review the effects of this 
attack, and if possible, predict some of its future effects. 

Cellulose was the first fairly pure polymeric raw ma- 
terial available to the chemist in large quantity, and 
indeed, a very thriving chemical industry based on cellu- 
lose had emerged even before the chemical structure of 
cellulose was established and before the word “‘poly- 
mer” had much meaning to the chemist other than a de- 
scriptive term to describe reaction residues to be dis- 
carded in the waste jar. Cellulose has proved to be a 
surprisingly versatile polymer. Its versatility is aptly 
illustrated by the following paragraph from an anony- 
mous writer in a recent trade publication of the Inter- 
national Nickel Company. 

“...aman can rise at dawn and apply brushes 
with nitrocellulose handles to his teeth and hair, eat a 
sausage breakfast complete with viscose casings, and 
ride forth into the country in a car finished with cellu- 
lose lacquers and provided with artificial leather seat 
from the same source. If he is impressed by the beauti- 
ful countryside as he views it through clear safety glass 
made with cellulose derivatives, he may step into the 
woods to take a few snapshots on nitrocellulose film. 
Suppose tragedy now intervenes and a hunter mistakes 
him for a browsing moose and shoots him with a bullet 
propelled by smokeless nitrocellulose powder! The vic- 
tim can inform his wife that she is a widow by writing a 
note on linen paper that is nearly pure cellulose, and 
she will mourn him in a new rayon dress of the regener- 
ated molecule.” 

Last year the chemical industry consumed about 
750,000 tons of chemical grade cellulose. This consump- 
tion is very roughly double that of ten years ago. 
Notwithstanding the almost endless variety of cellu- 
losic products turned out by the chemical industry, the 
major factor responsible for the growth of the dissolv- 
ing pulp segment of the pulp field has been the growth of 
viscose and acetate rayon and cellophane. At present, 
roughly 85% of the chemical grade cellulose consumed 
in the United States is used in the manufacture of these 
products, with the remainder being roughly split 50/50 
between plastics and miscellaneous products comprising 
smokeless powder, lacquers, fabric coatings, films, ete. 
Furthermore, there are strong indications that the im- 
portance of cellulose will decrease in the plastic and 
miscellaneous fields in the years immediately ahead. 

Plastics are a good example showing the impact of 
synthetic polymers upon the position of cellulose as a 
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chemical raw material. In the last three years the con- 
sumption of cellulosic plastics in the United States 
dropped 38%. In this same period total plastic con- 
sumption increased 27% due primarily to the rapid 
growth of polystyrene and vinyl plastics. At present 
cellulosic plastics account for less than 10% of the total 
plastic consumption. 

Likewise in the miscellaneous fields of lacquers, 
photographic film, fabric coatings, etc., there is little 
reason to believe there will be any major increase of the 
consumption of cellulose in these industries. Synthetic 
polymers will probably be used in increasing amounts in 
these fields once dominated by cellulose. In the one 
field of smokeless powder for which cellulose is peculiarly 
adapted, the industry has already passed through its 
period of major growth. Carboxymethyl cellulose, a 
new outlet for chemical cellulose, while expected to find 
increasing application in such uses as an aid to syn- 
thetic detergents and as a textile and paper size, a thick- 
ening agent for food stuffs, probably will remain a minor 
factor in the consumption of dissolving cellulose. Thus, 
rayon and cellophane remain as the critical fields, the 
growth of which will probably determine the future 
growth of cellulose as a chemical raw material. 

In these fields, which as stated above, account for 
85% of the consumption of chemical cellulose, the future 
picture is somewhat more optimistic. Both of these in- 
dustries are expected to grow in the immediate years 
ahead. In 1947 these two industries consumed about 
564,000 tons of cellulose, and it is a good guess that by 
1951 they will require around 800,000 tons. 

The processes used in the rayon and cellophane indus- 
tries provide considerable latitude in manufacturing 
fibers and films having a wide range of properties. This 
fact has accounted for the rapid and sustained growth 
as illustrated by the recent development of rayon for 
automotive tires and the earlier development of mois- 
tureproof cellophane. Today 25% of the rayon pro- 
duced in the United States is consumed by the tire in- 
dustry. Ten years ago tire rayon amounted to less than 
3% of rayon production. A similar story could be told 
illustrating the effect of the moistureproof cellophane 
on the cellophane industry. The momentum already 
gained by these two products, tire rayon and moisture- 
proof cellophane, will account for the increased con- 
sumption of chemical cellulose in the next few years. 

To date the pulp industry supplying cellulose for 
rayon and cellophane has concentrated primarily on im- 
proved pulp refining methods leading to higher alpha 
pulps of improved color at an acceptable level of reac- 
tivity and price. It is probably safe to say that this 
type of pulp research and development will not be suf- 
ficient to sustain the growth of cellulose as raw ma- 
terial for these industries past the immediate future. 
The pulp manufacturers must look upon themselves as 
polymer manufacturers in strong competition with a 
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been filtered. 
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ACCELERATED CHEMICAL CAUSTICIZING isa pro- 
cess which combines two well-known methods— 
coagulation and causticizing. Their joint use in a 
single process results in, 1. A more complete re- 
covery of reusable chemicals, 2. Accelerated set- 
tling of solids, 3. Cleaner liquors, and 4. Control 
over “hard to settle” sludges. Clarifiers are free 
from internal moving parts. Separate units for 
each step of the process permit positive yet flex- 
ible control. Meters record flows. Proportioners 
automatically control diluent liquors and dis- 
charge valves. Lime feeder and slaker operation is 
automatic, the amount of lime fed is recorded and 
controlled in proportion to the flow of liquor. 
INVESTIGATE the advantages of Cooking Liquor 
Filters and Accelerated Chemical Causticizing. Our 
Chicago Office or Field Engineers will be glad 
to supply you with additional information, with- 
out obligation. 


dynamic synthetic polymer technology which is based 
on fundamental studies of the chemistry and physics of 
the processes and intimate knowledge of the effect of 
polymer structure on the final product. Nylon, “Orlon” 
acrylic polymer, and other man-made fiber and film 
polymers yet to come are and will be tailor-made with 
respect to purity, chain-length distribution, distribution 
of substituent groups along the chain and in other char- 
acteristics, to impart desired functional characteristics 
to the final product. Cellulose is still characterized in 
terms of strictly empirical tests. We do not know much 
about the effect of low levels of pentosan content on the 
functional properties of the resultant fibers or films nor do 
we know whether the traces of catboxy and aldehyde 
groups scattered along the polymer chain are deleterious 
or not. Neither is it known how a narrow chain-length 
distribution might affect the properties of fibers or films 
or the optimum physical state for the refined cellulose 
for maximum reactivity in the viscose or acetate proc- 
esses. Nor do we know whether the cellulose chain is a 
polymer wholly composed of condensed beta glucose 
monomer units or whether somewhere in the chain there 
are not similar but significantly different carbohydrate 
groups. Answers to these and other equally important 
questions must be found and from such background 
should come the improved depolymerization and refin- 
ing technology without which cellulose will find it in- 
creasingly difficult to compete with low cost synthetic 
polymers of the future. The answers to similar ques- 
tions are known or are being rapidly obtained for syn- 
thetic polymers. 

There are several reasons to believe that basic re- 
search programs answering these and other pertinent 
questions would yield profitable returns. It is known 
that some of the functional properties of rayon made 
from purified cotton linters are better than those made 
from wood pulp. This is particularly true for the tire 
cord rayon where tire cord fatigue-resistance obtained 
from yarns prepared from linters is significantly better 
than that obtained from the best commercially available 
sulphite pulps. In this instance, even though the chem- 
ical processes used by the rayon manufacturer are the 
same for both the linters and the wood pulp, some un- 
known intrinsic property of the cellulose derived from 
cotton linters carries through to the final product and 
significantly affects its functional behavior. This prob- 
lem has received a great deal of attention in the past, 
but the answer is still obscure. I believe I am safe in 
saying that the difference is not wholly one of purity 
or of chain-length distribution. An answer to this 
question might well lead to modifications of the wood 
pulp refining process to result in a cellulose giving func- 
tional properties even superior to those now obtained 
from cotton linters cellulose. 

Another indication that a basic study of cellulose re- 
fining might lead to improved celluloses, particularly for 
the rayon industry, is the fact that tire rayons made 
from ‘Cordicell,”* a wood pulp manufactured using 
kraft cooking following prehydrolysis, have properties 
better than obtainable with the best commercially 
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available sulphite pulps and indeed approach closely the 
properties obtained using cotton linters. In this in- 
stance the standard cellulose characterization tests do 
not detect the reason why the prehydrolyzed kraft pulp 
should be superior to the sulphite pulp. Here again if 
the answer to this question was known, further im- 
provements in pulp could probably be realized. 

Thus far I have ignored economics. The chief virtue 
of cellulose as a polymer is its relatively low cost com- 
pared to other commercial polymers. This favorable 
position, too, must be maintained and if possible im- 
proved. As the synthetic polymer industry develops, 
this will be increasingly difficult. Already the competi- 


‘tion of nylon with rayon is evident. During the recent 


textile market slump higher priced nylon textiles have 
sold while less expensive rayon goods have gone begging. 
While the reasons for this situation are extremely com- 
plex, certainly not the least important factor is the fact 
that on a functional basis nylon is beginning to success- 
fully compete with rayon in value per dollar in some of 
the moderately large volume segments of the textile 
business. 

The rayon manufacturers are keenly aware of this sit- 
uation and are directing increasingly large proportions 
of their research effort to developing understanding of 
the fundamentals of their processes to aid in producing 
low cost cellulose yarns having improved over-all func- 
tional performance. In fact the major responsibility for 
keeping rayon competitive with the new synthetic fibers 
lies with the rayon manufacturers. I believe that the 
rayon industry will measure up to its responsibility and 
will make the best quality products possible from the 
raw material available for its use. However, the pulp 
manufacturer must recognize that an important part of 
the responsibility for improving the performance of 
rayon lies in his end of the business. 

As regards cellophane, less is known of the importance 
of pulp characteristics on final product characteristics 
than is the case for rayon. Since many of the important 
functional properties of cellophane stem from the vari- 
ous coatings placed on the cellulose base film, there has 
been less need to investigate the importance of the char- 
acteristics of the base polymer on the functional prop- 
erties of the final product. However, as new low cost 
polymers for films are developed, the problem of im- 
proving the cellulose base film of cellophane will become 
increasingly important. An improved cellulose poly- 
mer probably will also be required in this field. 

In summary the position of cellulose as a raw material 
for the chemical industry simmers down to this: first, in 
all uses except rayon and cellophane there is little to in- 
dicate much continued growth. Second, in the fields of 
rayon and cellophane the use of cellulose will continue 
to grow for the next several years, largely capitalizing on 
technology already developed. Third, a broad funda- 
mental study of pulping technology is urgently needed 
to hold and expand the volume of chemical cellulose 
against the low cost tailor-made polymers which will 
inevitably be made available to the fiber and film indus- 
tries from the rapidly expanding field of basic research 
on synthetic polymers. 
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Mill Engineers’ Selection of the Paper Machine Drive 


ROLAND A, PACKARD 


A brief description is given of the paper machine of one 
hundred years ago. In those early days it was recognized 
that constant speed was of the greatest importance, but 
papermakers could not obtain it. Three so-called “rates 
of motion” were sufficient—high, medium, and low. In 
order to minimize the “great quantities of paper destroyed” 
due to uneven and changeable speeds required of the dif- 
ferent sections of the machine, pieces of felt properly 
smeared with lagging wax were either applied or torn off. 
The Marshall train, introduced in 1890, made it possible to 
double machine speeds. When these speeds attained 600 
f.p.m. the increased power. demand roughened up _ the 
wooden teeth on bevel gears, which action developed vibra- 
tion transmitted to horn couplings, thence to rolls and 
machine frames. At this time the V-belt made its appear- 
ance in power transmission so that short center application 
made it adaptable for drives. The hydraulic drive to- 
gether with the hypoid and spherical bevel gears made 
their debut with the flat belt cone pulley combination. 
Description is given of each together with relative merits. 
Machine widths, speeds, and horsepowers, again began to 
tax the engineer’s ingenuity, which brought out the in- 
dividual motor on each section of the machine. This was 
a direct-current unit connected to a synchronous motor. All 
these motors were tied together electrically. Next came the 
synchronous regulators followed by amplified electronic 
systems of control. The development of yardsticks for the 
mill engineer is shown with a series of graphs relative to 
speed ranges for different groups of papers and a general 
selective guide for type of machine drive. The approximate 
cost per horsepower for different types of drive is given, 
together with the outstanding features of each type of 
drive. A number of illustrations complete the article. 


IN THE PREPARATION of this paper the author 
has a primary responsibility to the paper-mill engineer 
and a secondary responsibility to the paper machine 
drive manufacturer. To help either one is to help the 
other. 

The information to follow has come from personal 
experience as well as the results of research with other 
paper-mill engineers; also representatives of the manu- 
facturers of the machine. It has produced some in- 
teresting and constructive conclusions. When the con- 
sensus of engineers shows certain trends it is only fair 
to manufacturers to try and point the way to an im- 
proved product toward the ultimate benefit of the 
financial balance sheets of all concerned. 


TYPES OF DRIVES 


First, as a background to this treatise, the author 


would like to give a few excerpts from history, lead- 
ing up to the time of his early experience in the opera- 
tion of a paper machine. In 1866 this machine was 
described by A. Proteaux in his “Practical Guide for 
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the Manufacture of Paper and Boards” as follows: 
“paper machines are classified according to the width 
of paper they are intended to make, the large size 75 
to 104 inches; medium size 54 to 75 inches, and the 
small size 40 to 54 inches. The number of drier cyl- 
inders is variable; three is the minimum, five is the 
average, and some machines have as many as eight to 
ten driers. This last number seems to us exaggerated. 
Six appear to be the best number, of which four serve 
to dry the paper and two the felts. 

“The paper machine, needing a perfectly regular 
motion, should have a motive power of its own, 
whether it be water wheel or steam engine. When the 
motive power to be disposed of is abundant, we advise 
the use of a small water turbine fed by a reservoir 
having its water always at the ‘same level, and the 
reservoir may be placed at a considerable height, say 
in the upper story of the mill. Sometimes a small 
high-pressure engine is employed, and the steam, after 
being used as a motive power, serves for heating the 
drying cylinders. 

“Hach paper machine should be furnished with 
pinions admitting different velocities, or graduated pul- 
leys, to allow the manufacture of thin or heavy papers. 

“Three rates of motion are considered sufficient; the 
high, the medium, and the low. To facilitate the man- 
agement of the machine it is well to have at each state 
of transmission, extensible pulleys, or those with vari- 
able diameters, as well as struts to prevent the belts 
from slipping.” 

Referring to drives and their troubles, the “Manu- 
facture of Paper” written by Charles P. Dairs in 1886, 
states “great quantities of paper are destroyed by 
troubles with drives which are constantly occurring, 
often three or four times during a day’s work, mak- 
ing it necessary that the relative speeds of the presses 
and drier cylinders should be frequently but slightly 
changed. The commen way to accomplish this is by 
what is termed ‘lagging.’ A number of strips of canvas 
or felt or thick cloth about as wide as the face of the 
pulley, called ‘lagging,’ are kept on hand. When a 
change of speed is desired, one of these is smeared with 
lagging wax, so-called, and laid on the surface of the 
driving pulley to increase its diameter and quicken the 
speed of the pulley or gear at the other end. Through 
the number and length of the strips held on the pulley 
or belt by the wax, any slight change can be pro- 
duced, and, although a very crude and clumsy expedi- 
ent, this lagging has been in almost universal use up to 
the present time, as nothing practical, as yet, has been 
found to supersede it.” 


Bevel Gears 

The first real step in drive improvements came 
toward the end of the last century when the bevel 
gear idea was borrowed from the early water wheel 
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corner drives. It was a simple addition to apply the 
cone pulley for each set of gears to handle the draw 
on each section of the paper machine. 


Marshall Train 

The cone pulleys were belted to a main shaft 
parallel and to the rear of the machine. This long 
shaft, in turn, had its speed varied by connection to 
two lengthy cone pulleys usually built with wooden 
faces to afford a differential spread of speeds for dif- 
ferent weights and kinds of paper manufactured. A 
constant speed steam engine was the usual source of 
power. The mechanical power transmission, called the 
Marshall Train, born during the latter part of the last 
century, was such a boon to the papermaker that he 
felt little need for any change for a long time to come. 
Rope drives melded in with the Marshall drive and 
still may be found in use in some of the old mills. 
These bevel gear drives often were mixed with a maze 
of steam pipes, platforms, stairs, and belts. A typical 
view of this condition is shown in Fig. 1. 


Fig. 1. The old Marshall hookup at its worst 


As paper-machine speeds increased, this open bevel 
gear arrangement showed limitations. The first 
trouble was vibration communicated to the rolls of the 
machine through the in-drive shaft fitted with crude 
horn couplings. The frames would shake and many 
' times affect the passage of the paper from one section 
to another. 

The early erection of paper machines was upon two 
lines of wooden beams which usually became soaked 
in oil and sometimes turned spongy from rot. Any 
misalignment or badly worn wooden cogs, or both, 
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was a serious handicap to the machine tender. The 
rigid cast-iron bed frame of bevel gears and pulleys 
helped to steady the drives, but even these anchorages 
were pounded out of position, or the anchor bolts were 
actually broken, increasing the vibration to real jolts. 


Fig. 2. Hydraulic variable speed transmission—(Water- 
bury ) 


Sometimes the binding of journals and bearings would 
develop hot boxes or rip out the wooden cogs when 
started up, to the utter disgust of a papermaker. 


Enclosed Bevel Gears 


The “tearing of hair” of mill superintendents was 
heard by the machine builder and he did something 
about it. He designed the enclosed bevel gear drive 
running in oil. 

Competition, the well-spring of the American enter- 
prise system, called for lower costs of paper products. 
The engineer and the machine builder had to produce 
wider and faster machines. Power demands increased, 
which, in turn, called for a still more rugged quarter- 
turn drive. The enclosed bevel gear brought about 
the required rigidity. The anchorages of the two 
right angle shafts afforded stability from sudden re- 
versals of rotation or just plain starting of a section 
of large mass. 

During the years of development the pleadings of 
the papermaker developed into downright anger be- 


cause of speed variations when changes of load took | 


place. What could the engineer do about it? This 
phase of the problem extended beyond the machine 
manufacturer and into the provinces of the electrical 
engineer. The use of the Ward Leonard system of 
variable speed control had been used elsewhere on a 
direct-current motor. Why not apply it to a paper 
machine? The setup was accomplished usually by 
a source of power from a separate generator, usually 
direct-connected to a motor. The steam engine con- 
tinued to be used for driving the constant speed end of 


- the machine, and in turn, afforded the necessary ex- 


haust steam for the driers. Naturally there were many 
combinations of steam engines and electric motors, too 
numerous to mention here. 

Between 1910 and 1920 the small steam turbine had 
been developed and came into the picture, either to 
drive a direct-current generator or some mechanical 
variable speed hook-up to the bevel-gear drives on 
the various sections of the machine. There were so 
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many variations of the generator-turbine hook-up that 
the author will not take time to describe them here. 


Hydraulic Drives 
After the first World War, certain ingenious engi- 


neers thought that the so-called hydraulic drives, 
which had been used with great precision for turning 


Fig. 3. The spiral bevel gear—(Beloit) 


gun turrets for battleships, could be used to handle 
the variable speed end of a paper machine as a whole. 
There are a few installations of sectional drives of 
this type where it is direct-connected to the respective 
rolls of the machine, and, as such, eliminated the 
necessity for any clutch because its speed could be 
dropped to zero when necessary. This equipment took 
up little space and was free from dust and dirt, and 
it afforded a smoothly regulated speed range. Briefly, 
it consists of a pump, or a generator end, connected 
by two water-jacketed pipes to the motor end, and by 
means of the regulation of multiple pistons, transmits 
variable volumes of oil to the motor which in turn 
responds with a variable speed. The drive is care- 
fully designed and accurately built. Maintenance is 
usually handled by returning the unit to the shop 
where it was made by first slipping into position a 
rented, identical unit until return of the repaired one. 
The largest unit made is 300 hp. Currently it is being 
used in making high-grade tissues, writing, board, 
kraft, and parchment. A typical layout is shown in 
Fig: 2. 

Another type of hydraulic drive involves a variable 
speed prime mover. This prime mover, connected to 
a shaft, drives a series of variable displacement hy- 
draulic pumps. Each of these pumps is hydraulically 
connected to a constant displacement hydraulic motor. 
With this layout it is possible to change the speed of 
the machine as a whole by changing the speed of the 
prime mover. The change in draw is accomplished 
through remote control by altering the displacement 
of the individual pump driving that section. The 
operating efficiency is high. There are a few of these 
drives in operation, and, as far as can be determined, 


are giving entire satisfaction. The moisture around’ 


any paper machine, of which there is a great deal, 
has no effect on this type of drive. The internal parts 
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are rather complicated, and, as such, are no subject for 
the machinist or millwright. Repairs are made the 
same as described above. Thus far this type of drive 
has been applied to relatively slow speed machines. 
Maximum horsepower per section is 100. 

There is something about the mind of the average 
American that he is not satisfied with the speed at 
which he does anything. The author well remembers 
in the design work for one papermaker that a machine 
was built which had a capacity 2'/. times anything 
he had operated before. Was he satisfied with that 
increase in production? He was not. He loaded this 
machine way beyond design values until it actually 
broke down, Just so he would know how to proceed at 
a slim margin of safety under breakdown point and 
not run the maintenance too high. So it has been 
with the bevel gear. It had to perform with ever- 
increasing tooth pressure. First, the teeth had to be 
cut, and in order to reduce the noise and promote 
smoothness of operation, cut cast-steel pinions and 
wooden inserts for teeth in the large gear had to be 
provided. 


Spiral Bevel Gears 


The next step was the enclosing of a pair of bevel 
gears to provide improved lubrication as well as to 
stop spattering of grease around the drive. Still 
smoother operation came from twisting the teeth 
slightly, and the use of the spiral bevel gear became 
popular. It had two bearings on the shaft for the 
large gear, and only one bearing for the pinion shaft 
(Fig, 3). 4 

For a number of years this right angle transmission 
with its large gear dipping in oil, plus pressure feed 
of the oil to other parts, appeared to satisfy the need 
of engineers and papermakers. Antifriction replaced 
babbitted bearings. Heat-treated steel was used for 
the gears. But the advent of the automobile brought 


Fig. 4. “Rosette” hypoid floor assembly—(Pusey & 
Jones) 


into extensive use the hypoid gear, sometimes called 
the “Skew-Bevel,” which afforded a more ruggedly- 
built setting with its two “iron box” bearings for each 
gear shaft. Figure 4 shows this construction. 


Hypoid Gears 
A controversy has been going on for many years 
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as to where the spiral bevel combination should be 
used versus the hypoid gear. Heavy shock loads on 
very large machines like those encountered in calen- 
der operation have left no question but to use the 
hypoid unit. On the other hand, large high-speed ma- 
chines are running most satisfactorily today with 
spiral bevel gears. These gears have slightly higher 
efficiency. The author remembers one instance where 


Fig. 5. Hypoid drive with clutch—(Rice Barton) 


he was consulted regarding the two types of gears, 
and recommended the spiral bevel because it was 15% 
cheaper and filled the needs satisfactorily. The party 
bought hypoid gears for the replacement of open mor- 
tise on all the drives of a small slow-speed machine, 
and threw “down the river” approximately $4000. 
When spiral bevels handle 1000 f.p.m. and more on 
a 218-inch machine, it is utter folly to waste one’s 
money on a more expensive type. On the other hand, 
there are some things to be said for the hypoid gear. 
This more rugged design affords great stability where 
operating conditions are unusually severe. Some 
paper machinery manufacturing companies concen- 
trate on this type of drive solely, where others build 
both types. This dual situation will continue to exist 
for years to come as machine speeds mount higher and 
higher. Figure 5 shows a hypoid drive with clutch. 


Flat Belts 


The two controversial drives started their respective 
careers with the use of flexible flat belts on cone pul- 
leys to adjust draws anywhere from 15 to 25%. The 
limitations of the belt drive are now being approached 
in both the width of the belt and its lineal speed. 
Small pitched taper on long-faced cone pulleys have 
permitted the use of belts up to 14 inches in width, 
which at 5000 feet of speed will handle 200 hp. Six- 
teen inches is considered the maximum width of belt 
to use which corresponds to 230 hp. at highest belt 
speed. 


V-Belts 


Now the V-belt drive has entered the picture. Origi- 
nally these belts had relatively short life when oper- 
ating under severe conditions. This situation led 
manufacturers to redesign the belts to maintain flexi- 
bility but to add greatly improved operating tensile 
strength and wear. Naturally such belts could not be 
used on paper machine drives without a reasonable 
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amount of variable speed adjustment for respective 
draws. A series of adjustable driving sheaves to give 
varied pitch diameters, controlled from the front of the 
machine, afforded a compact unit which can out-trans- 
mit the flat belt in horsepower. Efficiency of trans- 
mission has been improved and a constancy of speed 
maintained once the adjustment of the draw has been 
set. No basement is required, and only a relatively 
narrow space from the rear of the machine to the 
wall is required. 

Figure 6 shows a compact, easily adjusted V-belt 
drive snugly connected with the hypoid corner units. 
The speed of the line shaft is normally high, reaching 
to 1200 r.p.m., permitting the use of smaller line shaft- 
ing and relatively high-belt speeds thus reducing the 
number of belts even with the transmission of large 
horsepowers. The whole setup is simple, of high effi- 
ciency, of low cost of installation, and in case of 
trouble can be easily repaired by a millwright. 

Another interesting drive developed in the 1930's 
is shown in Fig. 7, comprised of several simple power 
transmission units snugly packaged into an enclosing 
case with the variable speed, likewise controlled by 
V-belts running vertically from the adjustable pitch 
lower pulleys, obtained by changing the center dis- 
tance between the drive and the driven units. This 
type of drive fits into a small space behind the ma- 
chine and likewise requires no basement. Similar to 
the previous setup, the variable speed shaft extending 
from unit to unit can be operated at high speed. High 
transmission efficiency is also obtained. 

Recently there has been developed the completely 
modern stream-lined V-belt short center drive shown 
in Fig. 8. It provides a highly efficient unit inter- 
locked through vari-drive V-belts to a high-speed 


Fig. 6. 


“Selective” drive—(Sandy Hill) 


shaft running the length of the paper machine. Belt 
tension is regulated by a weighted pulley working with 
gravity. The driving shaft is placed as near the drive 
as the drive is from the rear of the paper machine. 
There are five standard units employed with flexibil- 


‘ity of gear ratios rather than to design each set of 


drives specially for a new machine, thus keeping en- 
gineering and manufacturing costs at a minimum. 


+ 
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This is standard practice with some of the manufac- 
turing companies. There is complete accessibility to 
all parts. 

Inching and reversing drives are important units 
in a position like the calender where a plugged ma- 
chine has to be cleared promptly. Figure 9 is a typical 
example. 


Helper Drives 


Helper drives are placed on a machine wherever 
slippage or undue strain is placed on a felt or wire. 
The positions where they may be used to advantage 
are on the breast roll, dandy roll, guide and wire 
carrying rolls, as well as cylinder molds. Top press 
rolls, dual press, pressyre rolls on Yankee driers, and 
fly rolls on high-speed machines have helper units. 
Wherever a felt has high tension from being used as 
a transmission belt in turning rolls or felt driers, or 
both, helper motors on one or more driers can be the 
means of materially lengthening felt life or cause the 
purchase of a lighter and less costly felt. As machines 
go higher and higher in speed, helper motors will be 
more common, approaching the day when every roll 
or cylinder will be driven. These drives can be the 
means of reducing the size of a driving unit and of 
easing up on large flat belts on cone pulleys. 

If a paper mill engineer is uncertain whether or 
not he should recommend the spending of money for 
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Fig. 7. Schematic arrangement of Syco drive—(Moore 
& White) 


any of these items he may elect to have them added 
after the machine is in operation, and so advise his 
superior to that effect. Anyway, he has protected 
himself, and the management of the company can’t 
call him on the carpet for not having thought of it. 
Subsequent application is easy. The source of power 
for helper motors is usually a separate motor genera- 
tor set equipped with a constant current regulator for 
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the operation of the whole group once the speed of the 
machine has been set, or it may be run in parallel 
with the driving motor where there is a sectional drive. 

The cylinder machine drives are similar to those 
on a straight fourdrinier. Generally, the power re- 
quired per unit is only a fraction of that required for 
high-speed machines because of the relatively low 
speeds at which they are operated. 


Fig. 8. 


The “Simplex” spiral gear drive—(Bagley & 
Sewall) 


Reels usually travel at speeds adjusted to proper 
paper tension to obtain the desired hardness of roll, 
and generally employ drives similar to those on the 
rest of the machine. The smaller machines and lower 
range of speeds often employ revolving reels with shell 
cores which require special variable speed motors and 
slip belts or are driven from the adjacent calender 
indrive shafts. 

The worm gear is not recommended as a paper ma- 
chine quarterturn drive because of relatively low effi- 
ciency and consequent heat generation. 


CLUTCHES 


The clutch as a subject has not been dealt with 
thus far because a discussion of it can best be handled 
alone. It is a necessary evil, but unless the sectional 
electronic or hydraulic drive is used, some form of 
clutch must be applied. The demands of mechanical 
power transmission have caused engineers to improve 
them extensively. The application on the paper ma- 
chine requires a simple design capable of smooth ac- 
celeration of massive bodies requiring nearly constant 
torque as well as bodies with very high-starting effort, 
and sometimes frequent repetition of this starting 
effort over a period of trouble on the machine. Great 
quantities of heat are thereby generated and must be 
dispersed without “burning up” the clutch. All kinds 
of clutches have been tried out on paper machines, 
with the consensus today that either a multiple plate 
exposure or peripheral plate contact to sealed pockets 
expanded with compressed air is the best combination. 
Rigid plates of steel against composition disks on ever 
so many machines have the disadvantage of low per- 
centage of contacts due to distortion from heat or 
misalignment, or both. Always place a clutch in 
position, clear from all other parts of the drive. 

Magnetic clutches, which grew somewhat into favor 
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in the 1920’s, have faded into unpopularity because 
of the troubles had with them. The clutch picture is 
not settled, in spite of the strides already made to 
perfect them. Someone is going to develop a device 
which will satisfy all requirements of the paper ma- 
chine without the generation of so much heat. Since 
variable speed shafts are turning 1000 r.p.m., the 
author predicts that some application of the fluid 
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Fig. 9. A reversing and inching drive—(Black Clawson) 


drive in conjunction with a very simple, inexpensive 
holding clutch, centrifugal coupling, or clamping ring, 
to be applied automatically at the desired speed, will 
be the form that this improvement will take. Its 
proper development should remove some of the worries 
of the paper mill engineer. 

The horn coupling on the indrive shaft, lke the 
clutch, can be treated alone. Its many headaches need 
not be given here. It was a short step from the open 
jaws to the refined, totally enclosed, internally lubri- 
cated gear tooth connection now in almost universal 
use. 

The driving of the variable speed end of the paper 
machine has been and still is being handled by brush 
shifting alternating-current motors. This type of 
drive developed a wave of popularity in some foreign 
countries, with a number of installations still operating 
in the United States. No quarrel is picked with its 
application, but the ease of remote control and greater 
speed range of the Ward Leonard field control motor 
developed a more desirable application. 


SECTIONAL ELECTRIC DRIVES 


Believe it or not, the first sectional electric drive 
was installed in 1909. Each section of the machine 
was driven by a slow-speed direct-current motor. 
Each motor, in turn, was connected through cone pul- 
leys to a synchronous motor. These motors were 
locked together electrically. The variation in draw 
was obtained by shifting the belt on the cone pulley. 
A number of these drives are still in operation. 

The synchronous regulator, with its small cone pul- 
leys, soon replaced the synchronous motors and large 
cone pulleys resulting in a smaller and less expensive 
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and simpler hook-up as well as a more accurate con- 
trol of speed. 

Speed regulator engineering has been a subject upon 
which electrical machinery manufacturing companies 
have spent a great deal of thought and experimenta- 
tion. Electronic amplification appeared to be the me- 
dium through which most accurate and rapid response 
in speed control could be obtained. 

Not until 1937 could it be said that reliable elec- 
tronic tubes had been manufactured. Rapid develop- 
ment followed, and the first complete sectional drive 
with electronic regulators was installed in 1941. In- 
herently it is a speed regulator, and so rapid in re- 
sponse that one operator facetiously stated that it 
began to regulate even before a section of the machine 
started to slow up. 

Nothing galls a papermaker more than an unwanted 
speed change on a paper machine or a jordan. The 
uncanny electronic speed regulator will control the 
speed of a section of paper machine to within plus or 
minus 0.2 of 1%, if everything is properly adjusted. 
It also shows immediately any change in the draw. 
Another advantage is the control and elimination of 
hunting at high speeds. 

Until recent years the single generator system has 
been employed. After World War II the multiple 
generator system, each section motor having its own 
separate generator, was developed and has been in- 
stalled on a large number of machines. One or all sec- 
tions can be started simultaneously. Each motor hay- 
ing its own generator means constant speed unaffected 
by load changes on any other part of the machine. 
This is shown diagrammatically in Fig. 10. This 
type of drive, looking from the dry end of a machine, 
is shown in Fig. 11. A close-up of a single drive is 
shown in Fig. 12. 
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Fig. 10. Sectional motor diagram—(Westinghouse) 


The mechanical simplification of the layout is an 
answer to the paper mill engineer’s prayer. On the 
other hand there is a greater complication of electric 
circuits which may be a greater potential source of 
trouble. 

The controls for sectional drives are varied in char- 
acter and too involved to describe in detail here. The 
several motors have controls to keep them in step as 
well as other controls in connection with draw and 
tension. Many of these drives, operating very satis- 
factorily, do not have electronic equipment, and as 
such, may be purchased at a somewhat lower price. 
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As mentioned before, the amplified electronic sectional 
drives are relatively new, but in spite of this fact, 
there are a large number in operation and others being 
erected at the present time. Some paper mill engi- 
neers feel that the control equipment and connections 
are too complicated and the most urgent goal should 
be simplification. A defect, let us say, in a resistor 
used in a Ward Leonard system is not too difficult to 
locate, but a hundred more places where trouble can 
arise in the electronic control equipment, many times 
takes an extended period of time to locate and remedy 
a trouble. 


The preventative maintenance urge has not hit the 
manufacturers as it has the electrical paper mill engi- 
neers. A major study, if not already started, should 
begin at once to devise two series of procedures; (1) 
to improve and simplify the technique of testing for 
future trouble, and (2) to point out and provide the 
necessary facilities to quickly diagnose trouble when 
it occurs in order to get the machine into production 
again. As one manufacturer said, the electronic sec- 
tional drive does have its growing pains. So does any- 


Fig. 11. Sectional electric drives—(General Electric) 


thing that is newly created; it is the price of perfec- 
tion. Further study should be made in lightning 
protection. 


This may look like the dark side of the picture, but 
it is not meant as such because the author firmly be- 
lieves that so long as paper is made on a fourdrinier 
machine the call for speed will be forever upward; and 
the sectional drive has what it takes. If someone had 
said 20 years ago that a paper machine would be oper- 
ated at 2600 f.p.m., he would have been called a 
visionary. The author predicts that they will be run- 
ning 3500 f.p.m. in 1969. That range may extend be- 
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yond the scope of mechanical development used in the 
present corner drives. 

The author would be remiss without mentioning that 
the electronic drive which the average reader connects 
with high speeds, has been installed successfully on 
relatively slow-speed machines where great precision 
of speed control is necessary. 


MACHINE SPEEDS 


The speed at which a paper machine runs is an in- 
teresting as well as an important economic factor in 


Fig. 12. Close-up of a sectional drive—(Reliance) 


the successful operation of a paper mill. The author 
has talked with many mill operators on this subject. 
The spread of speed is large, depending a great deal 
on the equipment used as well as the specifications of 
the paper made. His study of this subject has led 
him into some interesting channels of thought. For 
example, what does the over-all picture of the manu- 
facture of paper groups look lke when translated into 
graphs? While the speed of the machine is not a 
criterion in the selection of a type of drive, neverthe- 
less, it is revealing to see the relative speeds at which 
different types of drives have been employed in cur- 
rent practice. 

Figure 13 shows in full lines the spread of present 
machine speeds. Broken lines at the upper end of 
these graphs indicate the areas into which more dar- 
ing souls have ventured and perhaps at times to re- 
turn to full line region when stock or other conditions 
are abnormal. The upper ends of broken lines also 
include design areas. Two graphs are worthy of 
comment. Strange as it may seem, facial tissue is 
manufactured anywhere from 350 to 2600 f.p.m. The 
lower end of this graph refers to a cylinder machine 
and the upper end to a Yankee. Newsprint is made 
entirely on the straight fourdrinier. One wonders at 
the economic status of companies af the lower ends of 
these two graphs. Since these graphs, in general, 
cover groups of paper manufacturing (there are ap- 
proximately 100 different kinds of paper and board 
made today, which number has no reference to color 
or furnish), it is obvious that a particular grade of 
paper which falls at the lower end of a graph may still 
be considered as being made at the top speed. Weight 
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of sheet is of course an important element of speed 
range within a group. 

If you find one of your paper machines operating at 
the lower end of any graph, question yourself as to 
why you are there. There may be good and sufh- 
cient reasons, however, an examination of the situa- 
tion may result in an improvement of your speed. 


HORSEPOWER REQUIREMENTS 


The horsepower requirements of drives on different 
sections of a paper machine is a subject of great im- 
portance. Some years ago several of the electrical 
manufacturing companies worked together toward the 
common end of developing a table of factors to be set 
against the different kinds or groups of papers manu- 
factured on both the cylinder and fourdrinier. These 
factors, multiplied against the number of inches of 
width of the machine and the speed of the machine in 
hundreds of feet per minute, gives a theoretical horse- 
power required to operate a given section of a machine. 
Varying safety factors were added to the results of 
these. calculations, thus giving the rated horsepower 
for each section. Curves can be found on TAPPI 
Data Sheets 145A, B, C, D, and E, entitled, “Power 
Requirements for Paper Machines.” 

Another interesting study has been the capital cost 
per horsepower of the various types of drives now in- 
stalled. Figure 14 gives the approximate values in 
shaded areas. These graphs are general in character 
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Fig. 13. Paper machine speeds for various grades of 
paper and ranges for various types of gears 


since accurate figures naturally depend on such factors 
as the size of the machine, as well as the number of 
sections and the speed at which the machine will 
travel. However, there are interesting comparisons. 
The open mortise gear drive naturally was a low cost 
arrangement. The hydraulic drives went to the other 
extreme. The packaged V-belt drive, though limited 
in capacity, dropped back in cost to become competi- 
tive with drives shown above. The development of the 
V-belt short center drives brought out an economical 
design competitive with any of the graphs shown above 
it. It will be noted that two bevel gear graphs broaden 
out in the shaded areas because of variations in design 
and double reductions in speed. The spiral bevel 
drive averages slightly lower in cost than the hypoid. 
The sectional electric drive, thought by many to be 
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more expensive in first cost, 1s placed in a most com- 
petitive position. Naturally one type of drive may 
be less expensive than another, but the total cost to 
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Fig. 14. Horsepower cost comparisons paper machine 
drives, including prime mover and up to paper machine. 
(Equipment not installed) 


the point of operation may be a different picture. Un- 
fortunately time did not permit the completion of this 
phase of the project. 


SUMMARY 


The author has tried to give a brief historical back- 
ground in which there has been developed the different 
types of drives on paper machines, together with a 
general description and illustrations of their construc- 
tion. Graphs have been developed from the large 
amount of data collected which can be a guide to a 
paper mill engineer in his study of the drive required 
for a particular situation. At a glance he may ascer- 
tain a rough relationship of costs of the various drives 
before purchase. 

The use of facts or opinions brought forth in this 
paper should be made only after an evaluation of the 
various factors surrounding a proposed paper machine. 
They are, the speed to be run with due allowance for 
future growth, as well as allowable variation of this 
speed; the mass or inertia of the respective sections to- 
gether with desired rates of acceleration and decelera- 
tion; the amount of sequential draws and _ limits 
thereof; and finally, appraisal of reversing and inch- 
ing operations and available floor space. All controls 
should be at most convenient positions. 

Engineering knowledge is built upon experience and 
the foundation upon which we build engineering intel- 
ligence. It is engineering wisdom only if the test of 
time proves a machine to be not wanting. That means 
under good management, both the purchaser and 
manufacturer will benefit. 
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The Precision of Viscosity Measurements on Solutions 
Of Wood Pulp in Cupriethylenediamine 


J. D. MecLEAN and FORESTIER WALKER 


The variables affecting the precision of the cupriethylene- 
diamine viscosity test have been investigated, and the 
probable sources of error‘’in the test evaluated. 


Dourine thelast few years an increasing number of 
pulp mills, in which viscosity control is important, have 
adopted the cupriethylenediamine method for the de- 
termination of cellulose viscosity. The growing popu- 
larity of this test is evidenced by its adoption by TAPPI 
as a suggested method. In many cases the cupriethyl- 
enediamine method has replaced the older cupram- 
monium method. Numerous advantages are claimed 
for cupriethylenediamine over cuprammonium for cellu- 
lose viscosity measurements (/, 2, 4). The chief ad- 
vantages are: (1) ease of preparation of solution, (2) 
stability of solution, and (3) decreased effect of oxygen 
on the sample and solution during the dispersion. 

The cupriethylenediamine ball-fall method has been 
used in both the Fraser Co. research and control labora- 
tories for over three years. Of the methods used to date 
it has been found to be the most satisfactory although on 
occasion difficulty has been experienced in obtaining the 
desired precision in the control of pulp bleaching. Be- 
cause of these variations an investigation was recently 
undertaken to determine the variables in this method 
and to measure their effect on the precision of the cupri- 
ethylenediamine viscosity test. 


PROCEDURE 


The preparation of solutions and sample and the pro- 
cedure for carrying out the test were similar to that of 
Hatch (/, 2). The ethylenediamine to copper ratio of 
the solutions was carefully adjusted to 2.00, except in 
those cases where studies of this ratio were made. The 
concentration of ethylenediamine was determined by 
titration, using methyl orange indicator, and after 
titration the end point was checked with a glass elec- 
trode. The pH at this end point was 3.3 to 3.5 (/). All 
measurements were made using the falling ball method 
with a 11/.% cellulose concentration and a ball-fall time 
of approximately 20 seconds. 

A standard procedure was used throughout this in- 
vestigation, and deviations from it were made only to 
study the effect of the different variables; such devia- 
tions are recorded with the experimental data. The 
experimental technique was that of Hatch (2) with only 
minor variations. The details of this standard pro- 
cedure are as follows: 

A sample of dissolving grade pulp weighing approxi- 
mately 0.9 gram is placed in a Waring Blendor, about 
- 500 ml. of water added, and the pulp allowed to soak for 
afew minutes. Then the Blendor is run at full speed for 
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30 seconds, and the pulp suspension filtered on nain- 
sook cloth in a 9-em. Buchner funnel. The pulp is 
carefully washed with two 25-ml. portions of redistilled 
acetone in such a way that the formation of the mat is 
not disturbed. The mat is then quartered and placed in 
a Moisture Teller for 3 minutes at 190°F. On removal 
from the Moisture Teller the sample is quickly placed. 
in a Small aluminum weighing can so that two opposite: 
quarters are uppermost. The two top sections of pulp 
which are to be used for the viscosity test are placed in a 
2-ounce medicine bottle. The remainder is tested for 
moisture content in the usual way. The value for 
moisture thus obtained is used in calculating the weight 
of pulp taken for the test. 

The air in the bottle containing the sample is dis- 
placed with a stream of nitrogen. The required amount 
of 0.167 M cupriethylenediamine solution, prepared 
according to the method of Hatch (/, 2) is added, fol- 
lowed by the 1.00 M solution. More nitrogen is applied 
and the cap placed on the bottle. The samples are 
shaken in a mechanical shaker for exactly 3 minutes, 
and the solution poured into viscosity tubes which are 
placed in a constant temperature bath at 25.0 + 0.05°C. 
At least 15 minutes is allowed for the solution to reach 
equilibrium, then the standard !/;s-inch aluminum balls 
are dropped through a 15 cm. depth of solution and the 
viscosity determined. In cases where bubbles form at 
the surface of the solution in the tubes and interfere 
with dropping the balls, such bubbles are removed with 
a glass rod. 


EFFECT OF VARIABLES 
Ratio 

The ratio of ethylenediamine to copper is critical. 
In this investigation it has been found that there is a 
change in viscosity over a wide range of ethylenedia- 
mine copper ratio as shown in Table I. Ratios covering 
the range 1.9 to 2.1 were rechecked with a different pulp 
and solution, Table Ib. No mention has been made in 
the literature regarding the correct ratio for this test 
other than to specify that it should be less than a given 
value. A maximum value of 2.00:1 is specified by 
TAPPI (6), Hatch (1, 2), and Straus and Levy (6). 
The latter report that at a ratio of 2.25:1 the solution 
has no solvent power and that if ethylenediamine is 
added to a solution of cellulose to bring the ratio up to 
2.25, cellulose will precipitate out of solution. In this 
work a 11/2% cellulose solution with a ratio as high as 
3.12:1 has been prepared. 

Straus and Levy (4) report that a solution in equilib- 
rium with excess cupric hydroxide has a molar ratio of 
2:1. They refer to a paper by L. J. Jolley (J. Textile 
Inst. 30: 122-141, 1939) in which he reports an equilib- 
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Table Ia. Variation of Viscosity with Ratio, Range 1.7 to 


3.1 

——-— Viscosity, ¢p.——-— 

Standard 

Ratio Average deviation 
Nave) 203 3.6 
1.90 212 6.6 
1.99 213 4.1 
2.00 214 3.0 
2.06 225 4.9 
D2 Ms} 231 3.9 
2.20 232 6.8 
2.47 253 4.3 
Deol 269 4.6 
2.89 278 5.6 
Sl2 296 4.0 


Table Ib. Variation of Viscosity with Ratio, Range 1.9 to 
2.1 


——<—$—— Viscosity, cp.— 
Standard 


Ratio Average deviation 
1.91 191 3.3 
OZ 193 Wg 
1.93 199 3.4 
1.96 189 0.6 
1.97 195 2.9 
1.98 201 1.4 
1.99 196 27 
2.00 202 0.9 
2.02 203 ib ete} 
2.03 203 L6G 
2.06 205 20 
Dull 207 1.3 


rium ratio of 1.78 to 1.89, and to a paper by W. Traube 
(Ber. 44: 3319-3324, 1911) who reports a ratio of ex- 
actly 2:1 independent of dilution. In this investigation 
it has been found that the equilibrium ratio is propor- 
tional to the concentration of ethylenediamine. In 
general, when following the standard procedure the 
equilibrium ratio has been approximately 1.90 to 
1.95:1, but when the concentration of ethylenediamine 
has been low a ratio of 1.73:1 has been obtained and 
when a minimum of water was present resulting in a 
high concentration of ethylenediamine, a ratio of 2.16:1 
resulted. The wide divergence in the published data 
can be explained by this effect of ethylenediamine con- 
centration. 

The results of this investigation, as given in Table I, 
are In agreement with Hatch (/) who reports viscosity 
results 3 to 5% high at a ratio of 2.1:1 and 25 to 30% 


Table Hla. Variation with Time in Waring Blendor 
(Pulps A and B were samples taken from different sheets of the 


same bale) 
——————— Viscosity, cp.—— 
Pulp A / 
Time of dispersion, a Standard as omer 
Average deviation Average deviation 
Igy 209 4.8 209 iL @ 
30 211 3.6 214 3.0 
60 oie ee Pave 5.8 
300 206 2e3 213 3.8 


Table IIb. Variation with Time in Knapp Monarch 
Liquidizer 


-—— Viscosity, cp. pulp C—~ 


Time of dispersion Standard 
(sec.) Average deviation 
15 258 3.0 
60 253 0. 
300 245 5.0 
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Table III. Variation of Viscosity with Pulp Drying Tem- 
perature 


(Drying time 10 minutes in Moisture Teller) 


—Viscosity, cp.—— aS 


————— 


Temperature, Standard Standard 
ON Average deviation Average deviation 
165 209 7.6 207 8.0 
200 ae ara 210 4.9 
235 200 2.9 210 SH 


high at a ratio of 3:1, although they do not agree at 
lower ratios. 

The data as given in Tables Ia and Ib appear some- 
what inconsistent since a small change in ratio is not 
always followed by a'corresponding change in viscosity ; 
however, the determination of ratio is not precise in the 
third significant figure. If the results in these tables 
are graphed on a scale that allows for the precision of 
the ratio determination and the precision of the pulp 
viscosity measurement, almost all points will fall within 
the plot. 


Dispersion 


The data in Table II show that the viscosity is not 
appreciably affected by dispersion time in the Waring 
Blendor, although this is not the case in a Knapp 
Monarch Liquidizer. 


Drying Temperature 


An increase in the drying temperature of the sample 
in the Moisture Teller affects the pulp viscosity only 
slightly as shown in Table III. In this series of tests 
the drying time was 10 minutes while in the standard 
procedure it is 3 minutes. Under normal conditions of 
drying a fluctuation in temperature of a few degrees 
would not be expected to cause appreciable change in 
the viscosity of the pulp under examination. Hatch 
(3) has reported that drying pulp samples at tempera- 
tures above 200°F. will give low results. 


Solution 


The time during which the pulp is shaken during so- 
lution is critical. Samples were shaken for various 
lengths of time and the results, as given in Table IV, 
show that the viscosity is lowered with increased time of 
shaking. Traces of oxygen in the solution bottle will 
cause degradation of the cellulose, and prolonged shak- 
ing will hasten this effect. Passage of the nitrogen 
through alkaline pyrogallol solution did not prevent the 
degrading effects of prolonged shaking, but the final 
viscosities were higher, No. 3, Table IV. Hatch (2) 
has reported that there is no change in viscosity with 
time of shaking when commercial nitrogen is used. 


Quite possibly he worked with a very pure grade of 
nitrogen. 


Table IV. Variation of Viscosity with Shaking Time 


Viscosity, cp. 
2) 


(1) (3) 
; Stand- Stand- Stand- 
Shaking ard ard ard 
time, Aver- devi- Aver- devi- Aver- devi- 
min. age ation age ation age ation 
a 229 ‘oes as aris ai bs 
230 2.4 218 2.6 221 Bu 1 
1)/, 224 Bind Bet oe bie a5 
229 ey 

ee 211 3.6 216 2 
4 232 Me ; 
6 217 sor nied aes ce ae 
10 215 ate 204 Nee 211 2498 
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Oxygen 


The effect of oxygen was briefly investigated; this 
did not include minute amounts of oxygen which are re- 
ported to cause slight degradation, but only quantities 
of the magnitude encountered in routine testing. The 
results appear in Table V. Hatch has also reported (2) 
a low result if air is present in the bottle during solution 
of the sample. 


Table V. Effect of Oxygen on Viscosity 


Viscosity, cp. 


Conditions during Standard Standard 


dispersion Average deviation Average deviation 
Gas phase, air , 200 0.6 
Gas phase, commercial ni- 
trogen 218 ae 211 3.6 


Gas phase, nitrogen passed 

through alkaline pyro- 

gallol 221 oe 216 2:3 
Gas phase air. Bottle 

shaken and stored 18 Z 

hours before testing 166 4.8 
Gas phase nitrogen. Bottle 

shaken and stored 18 

hours before testing 207 12.0 


Other Variables 


Apart from the normal errors which may occur during 
measurement of solutions and in calibration of equip- 
ment, there is one other possible source of error: equilib- 
rium is reached slowly in a freshly prepared solution 
and reproducible ball-fall times are obtained only after a 
10 to 15 minute interval. 


Reproducibility of Results 


The data obtained in this laboratory indicate a 
standard deviation of 2.8 over a range of viscosities 
from 50 to 275 cp.; this agrees with previous publica- 
tions (4, 4, 6). 
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Wettability of Paper Surfaces hy Water and the Surface 
Absorption of Water by Paper 


GEORGE D. KNIGHT 


An apparatus which will reveal irregularities in the surface 
wettability of a sheet of paper was constructed, and a tech- 
nique for its operation was devised. Surface patterns pro- 
duced on several papers were visually compared and the 
quantities and depths of penetration of dye solutions in 
the surface layers were calculated by means of an extension 
of the Kubelka-Munk relationships. The results did not 
correlate with standard physical paper tests. The surface 
wettability of paper was found to be extremely sensitive 
to practically any type of treatment. Results are of value 
in tub sizing, coating, gumming, or other converting opera- 
tions concerned with the application of aqueous materials 
to paper, including printing with aqueous inks. The pro- 
cedures may also be found to extend to solvent wettability 
of paper and, hence, to the fields of oil ink printing, lac- 
quering, varnishing, and practically any operation dealing 
with application of fluids to paper. 


A vast AMouNT of work has been done on the 
susceptibility of paper to wetting by various liquids, 
but practically all the tests involve the characteristics 
of the whole sheet. Rarely do any of the tests take 
into account the time required for the initial wetting 
of the surface. Numerous references (1—3) are found 
which discuss the nonuniformity of wetting of paper 
but most authors seem to consider the irregularity as 
part of the whole sheet structure rather than as a 
function of surface characteristics. 

Uneven drying and mottling and irregular absorp- 
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tion of inks, coating colors, etc. are real and trouble- 
some factors. Calendering, sizing, ink, sheet forma- 
tion, extraneous chemicals, refining, drying, moisture 
content, fillers, and type of fiber have all been blamed, 
singly and collectively, for the difficulties but, as a 
rule, the structure and composition of the whole sheet 
have been considered. Studies of the surface of the 
sheet only and of the phenomena occurring in the 
very small interval between the time the liquid is 
placed on the sheet and the time it actually wets the 
surface have been almost completely neglected. 

There seem to be two reasons for this neglect. One 
is that the great importance of surface properties has 
never been fully appreciated. The magnitude of 
effects produced by minute quantities of materials is 
not generally known, particularly in the field of paper. 
For example, the thickness of contamination required 
to influence the property of a surface to be wet by 
water is about 10 A units (4) and layers of grease not 
more than 1 molecule thick can materially increase 
the contact angle (8). 

A second reason for neglecting the spontaneous wet- 
ting properties of paper surfaces has been the lack 
of suitable means for the study of these properties. 
Recently, Rowland, Fronmuller, and Van den Akker 
described a device known as a surface wettability 
tester (6). The apparatus operates on the principle of 
spreading a large excess of colored fluid over a paper 
surface and, a very short time later (about 0.01 
second), removing by vacuum all fluid which has not 
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been sorbed by the paper. Patterns obtained on vari- 
ous papers varied from one which was smoothly 
colored to one which was extremely mottled with 
colored areas of different size and different depths of 
coloring. 


Fig. 1. Surface wettability tester 


Key to Figure: 1. paper to be tested (5'/2 by 20 inches), 2. 
backing material (in this illustration, plate glass), 3. ink appli- 
-eator (see Fig. 2), 4. clip to hold paper and backing material, 
5. guide rails (‘/s-inch diameter steel rods), 6. excess ink trap, 
7. vacuum reservoirs, 8. driving cord (*/s-inch woven cotton 
clothesline), 9. rubber tubing to maintain tension in driving 
cord, 10. driving pulley (1'/s-inch diameter V-belt pulley), 11. 
«driving motor (*/; h.p., 1725 r.p.m. capacitor), 12. driving motor 
‘switch, 18. mercury manometer, 14. needle valve to regulate 
vacuum, 15. vacuum pump assembly, 16, 17, 18. stopcocks to 
control vacuum, 19. mounting rails for motor (1*/4 by 1*/s-inch 
angle iron). These rails extended under the whole assembly 
and served to stiffen the plywood base, 20. applicator carriage 
(see Fig. 2), 21. driving cord release, and 22, rubber bumpers. 


Using the principle of the above device as a start- 
ing point, the purpose of this work was to devise an 
improved apparatus for studying spontaneous wet- 
tability and absorption, to develop a procedure for 
operating the device, and to develop a technique for 
quantitatively evaluating the treated paper in such a 
way as to obviate subjective judgments. 


APPARATUS 


Some preliminary work was done with the tester 
of Rowland, et al. (6) and several new designs of wet- 
tability testers were considered. The final design of 
the apparatus used in this work is shown in Figs. 1 
and 2. 

The holes through which the assembly bolts (23) 
passed in the front blade (25) were elongated so that 
the blade could be adjusted vertically and independ- 
ently of the rear blade. The assembly of both blades 
could be adjusted vertically from the paper surface 
by placing shims at the blade connection to the skids 
(33). With no shims, the bottoms of the rear blade 
and of the skids were in the same plane. The blade 
clearances were measured on a surface plate with feeler 
gages, 

Desired speeds were obtained by changing the large 
V-belt pulleys in the driving mechanism. The actual 
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speed obtained was determined by measuring the 
revolutions per minute of the driving shaft. 

The degree of vacuum was measured with the mer- 
cury manometer (13) and recorded as the difference 
between atmospheric pressure and the pressure in the 
system. Any desired vacuum from zero to the maxi- 
mum could be obtained by manipulation of the four 
valves (14-18). 

The desired backing material (about 6 inches wide 
and 20 inches long) was placed in position at 2 in 
Biget; 


OPERATING PROCEDURE 


With the paper specimen in place on the backing 
material and the applicator in starting position as 
shown in Fig. 1, the vacuum valves were adjusted 
until the desired vacuum was obtained; then 1 to 2 
ml. of ink were drawn out in a line (about 1/4-inch 
wide and 31'/s-inches long) just ahead of the front 
blade of the applicator. (If the ink was placed in 
contact with the front blade, the vacuum, in most cases, 
would immediately draw most of the ink off the paper.) 
The driving motor (11) was started immediately. As 
the applicator was drawn along the sheet at constant 
speed, the front blade pushed the pool of ink ahead of 
it and spread a layer of ink over the paper. The 
vacuum slot following just behind the front blade re- 
moved any free liquid which had not entered the paper 
surface. The ink remaining in the paper after passage 
of the carriage was that which wet and entered the 


Fig. 2. Assembly of ink applicator and applicator carriage 
(bottom view) 


Key to Figure: 5. guide rails (*/2-inch diameter steel rods), 
23. assembly bolts, 24. mounting connections to applicator 
carriage, 25. front blade (*/s:-inch thick), 26. rear blade (°/s 
inch thick), 27. skids (toed-in an angle of 5°, */s by 3°/s-inch 
rubbing surface), 28. vacuum slot (*/s by 3*/sinch opening), 
29. front drive bar (*/s-inch diameter), 30. rear drive bar 
C/s-inch diameter), 32. undercut on rear blade (makes “effec- 
tive” width of rear blade only */1s-inch), 33. blade connection 
to skids, 34. skid bearings, 35. sleeve bearings, 36. connecting 
rods, and 37. connection to driving cord. 


paper surface during the short interval of time between 
spreading the ink and vacuum removal. When the 
applicator struck the rubber bumpers (22), the motor 


was stopped and the test paper was removed for exami- 
nation. 
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RESULTS AND DISCUSSION 
Effects of Operating Variables 


Such variables as ink, clearance of applicator blades, 
speed, backing material, and vacuum were found to be 
important. 

The effect of ink was not extensively investigated. 
Practically all work was done with a solution of dye 
in distilled water. It seemed that this type of ink 
would most graphically illustrate surface irregularities 
of importance to coating, gumming, laminating, print- 
ing with water-base inks, ete. The results with dif- 
ferent solvents would not be comparable. For instance, 
areas of a paper surface which are readily wet by oil 
would not be wet by water. 

_ The “ink” arbitrarily adopted as a standard was 
0.5 gram of Methylene blue ZX in 100 ml. of distilled 
water. ‘ 

The clearance of the applicator blades from the 
paper surface proved to be critical and adjustments 
were extremely difficult to make. Any selection of 
proper clearances, however, proved to be arbitrary. 
When the clearance of both blades was zero, the ap- 


SPEED ,fp.m. 


700 


50s 
VACUUM ,mm.Hg 


Fig. 3. Effect of speed of ink application. Sample Il. 
Backing—plate glass 


paratus was extremely sensitive to minute thickness 
variations in a hard backing material. Large dust 
particles and wax pencil marks on the plate glass back- 
ing would cause dark lines on the paper surface across 
the direction of travel of the applicator. Apparently, 
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when the applicator blade struck a suddenly raised por- 
tion of the sheet, it momentarily changed speed enough 
to leave an irregular ink deposit on the surface. 
When the front blade was raised more than about 
0.003 inch above the paper surface, the vacuum drew 


POROUS BACKING NONPOROUS BACKING 


300 


~ 


VACUUM ,mm. Ha 


FELT “WIRE 


WIRE 


FEL 


d 


Vig. 4. Effect of vacuum. Sample 11. Speed—91 f.p.m. 


the ink away from the paper before the run was com- 
pleted. 

The clearances which were selected as optimum for 
this investigation were: 


Wront bladevcun skin <ee eerie 0.0015 inch 
Rear, blader: stky.. cemiacs teeta cesta oan 0.0030 inch 


The effect of speed of application of the ink is 
shown in Fig. 3. As the speed was increased (the 
vacuum remaining constant at 30 mm. Hg), the pat- 
tern became more and more deeply colored and mot- 
tled. At slow speed, the paper surface is exposed to 
the ink a relatively long time and, therefore, is fairly 
uniformly wet. However, at 20 feet per minute, the 
“exposure” is only about 0.1 second before the vacuum 
removes the excess ink, thus preventing any large ink 
absorption by the surface. At higher speeds, the ex- 
posure time is proportionately reduced to intervals 
which are too short to permit uniform wetting. The 
vacuum also has less time in which to remove the ex- 
cess; therefore, more ink is left on the surface. 

The action of the applicator when a high vacuum 
is used is decidedly different from that discussed above 
(see Fig. 3). The chief cause of the difference is the 
impregnating effect described below. 
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The effect of the backing material can be seen in 
Fig. 4. At low vacuum, the backing has no noticeable 
effect. At a vacuum greater than about 30 mm. alee 
however, the influence of the backing becomes pro- 
gressively more pronounced. The tabs backed with a 
nonporous material are appreciably darker colored 
than those backed with a porous material. 


oO 
SAMPLE NO. 


WIRE SIDE 


Fig. 5. Surface wettability patterns. Wacuum—30 mm. 
Hig; backing—porous; speed—91 f.p.m. 


The degree of vacuum on the applicator was found 
to be extremely important in producing a picture of 
surface irregularities. Originally, the removal of ex- 
cess ink from the paper surface was thought to be the 
sole action of the vacuum. Investigation revealed, 
however, that another phenomenon, which has been 
called the “impregnating effect,” is very important. 
When a test run was made with maximum vacuum and 
a nonporous backing material, the ink was forced into 
the sheet and some ink penetrated completely through 
the sheet. With the same high vacuum but with a 
porous backing, the ink did not penetrate the sheet. 
Slight impregnation, however, did occur, so that the 
pattern was not the surface pattern of the paper (see 
Fig. 4). These observations revealed a new principle 
in the application of a vacuum to a porous surface, 
the basis of which is that a vacuum has an appreciable 
effect on the same surface to which it is applied and 
at an appreciable distance from the area of application. 
This principle shows that a fluid material (ink, coating 
color, size, wax, adhesive, latex, filler, etc.) can be 
forced into a porous surface by applying a vacuum to 
an adjacent area of the same surface. 
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The mechanism of the impregnating effect is simply 
that of continuously evacuating air from the inter- 
stices of the sheet while applying a fluid to the sur- 


face of the evacuated sheet. : 
Because of the existence of the impregnating effect, 


an absolutely true surface wettability picture of a 
porous sheet cannot be obtained with the present ap- 
paratus. Any amount of vacuum must cause some 
evacuation of the sheet and, therefore, some forced 
ink penetration, whereas operating with no vacuum de- 
posits an ink film so heavy that an appreciable thick- 
ness of paper is saturated. In actual operation, there- 
fore, the wettability of the paper is not the only factor. 
The impregnating effect must be considered and mini- 
mized by adjusting the speed and vacuum. 


Figs. 6 and 7. Effect of various surface treatments 


_ All samples were treated and tested on the felt side. Any 
liquid added to the sheet during the treatment was completely 
evaporated on a sheet drier before testing. 


Key to Figs. 6 and 7. 


(A) original paper, no treatment; (B) benzene dropped on 
sheet; (C) ethyl alcohol dropped on sheet; (D) ethyl ether 
dropped on sheet; (E) water dropped on sheet; (F) pine oil 
dropped on sheet; (G) kerosene dropped on sheet; (H) capryl 
alcohol dropped on sheet; (I) hexyl ether dropped on sheet; 
(J) sheet very lightly brushed with lubricating oil; (K) sheet 
exposed to oil vapor from a hot plate; (L) sheet blasted with 
air containing oil vapor from a vacuum pump; (M) dust from 
laboratory air allowed to settle on sheet for about two weeks, 
excess dust blown off before testing; (N) sheet held in 
saturated steam, then dried; (QO) sheet soaked in water, 
blotted, and tested while wet; (P) sheet heated on drier, a 
wet blotter placed on the surface, and the combination dried ; 
(Q) sheet dried 15 minutes on drier; (R) sheet dried 30 
minutes on drier; (S) sheet heavily calendered; and (T) 
sheet dipped in water and then heavily calendered until dry 
with hot rolls. 
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Final Operating Conditions 


It is apparent from the foregoing discussion that the 
paper properties—porosity, smoothness, wettability, 
and, probably, softness and flexibility—as well as 
such operating variables as blade clearances, ink, 
speed of ink application, backing material, and degree 
of vacuum, are so interrelated that there is no fixed 
set of conditions under which the surface properties 
of all types of papers will be most truly revealed. 
However, as nearly constant conditions as possible 
were selected to give the best over-all results. These 
conditions were: 


TITS ocuoibhecats See eee ee a 0.5% solution of Methylene 
blue ZX in distilled water 

Speed ................°.91 feet per minute 

By aC Oren tases Seer: Sails, plate glass or a duplex porous- 


nonporous assembly of rubber 
dental dam and blotter stock 


Clearance of blades...... front blade 0.0015 inch; rear 
blade 0.0030 inch 
WEGHUNG)’ 6 Sheet ears this variable was changed be- 


tween 0 and 700 mm. Hg but 
most papers were tested at 
30 mm. 


These conditions are, however, more or less arbitrary. 


RESULTS ON VARIOUS PAPERS AND THE EFFECTS 
OF VARIOUS SURFACE TREATMENTS 

The surface patterns produced on both the felt and 
the wire side of about 35 commercial papers, including 
various bonds, coating raw stocks, hanging stocks, 
coated papers, printing papers, and boards, were ex- 
amined and no two patterns were found identical. 
The pattern often varied from sheet to sheet within 
the same sample. Without exception, the wire side 
of all sheets gave the most uniform coloring. Gener- 
ally, this coloring was as uniform as might be expected 
on a sheet of paper but, in a few instances, some mot- 
tling was noted. 

Examples of five samples are shown in Fig. 5. These 
samples and also paper 11 of Fig. 4 were supposedly 
the same kind of coating raw stock. The differences, 
however, were so great that the variations could be 
detected by ordinary mill tests. This series was 
selected as an extreme example of what can happen 
during the manufacture of a given grade of paper. 
As arule, the variations are considerably less but they 
can still be detected with the wettability tester. 

The samples of this series were ranked visually 
according to their degree of mottling. This ranking 
was compared with such standard tests as density, 
Thwing formation, Gurley porosity, Bekk smoothness, 
and fluorescent size time and little correlation was 


found. The physical test most nearly in agreement: 


with the wettability ranking was the size test. This 
test, however, is not particularly sensitive and, there- 
fore, probably will not show differences experienced 
in an average run of paper. The size tests on the felt 
and wire sides of several papers were nearly the same 
but the surface patterns were markedly different. This 
point is substantiated by the experience of one ob- 
server (7) in the use of Rowland’s tester to evaluate 
coating raw stocks. He found that the results of the 
tester did not correlate with any standard paper test 
but that they did give an indication of the behavior 
of the paper in the coating process. 
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As examples of a few of the factors which can in- 
fluence the surface properties of paper, 20 samples 
are reproduced in Figs. 6 and 7. The same groundwood 
hanging stock was used in every case and the felt 
side was treated and tested. Specimen A illustrates 
the pattern of an untreated surface. Specimens B, 
C, and D illustrate the effects of spotting by three 
organic solvents. 

If drops of water were to fall on the sheet during 
its passage through the driers, a pattern such as sample 
E might be obtained. 

The action of some antifoaming agents is shown by 
samples F,G, H, and I. The areas of sample F, which 
were touched with pine oil, show great improvement 
in uniformity and thus indicate one reason why pine 
oil is such a satisfactory papermaking chemical. Per- 
haps the use of pine oil in the white water to provide 
a uniformly wettable paper surface would be at least 
as advantageous as its use as a foam killer. 

Samples J, K, and L indicate the effect of oil and oil 
vapor. Drops of some lubricating oils on water do 
not spread to films but, with mild agitation, are broken 
into many small drops which seem to form a pattern 
on the water surface similar to the oiled areas of 
sample J. The odor of oil vapor from hot machinery 
is often noticed around paper machines. Samples K 
and L show the effect that such vapor may have on the 
paper surface. This effect would, of course, be en- 
hanced if a quantity of vapor were drawn into the 
sheet by the suction boxes or other equipment which 
applies a vacuum to the sheet. 

Sample M shows the pattern obtained after dust 
from the laboratory air had settled on the paper. A 
very uniform coloring was obtained. The reason for 
this marked improvement may be the effect produced 
by rough surfaces in decreasing the apparent contact 
angle of a liquid on a solid if the true angle is less 
than 90° (8). 

If steam impinges on the paper, results such as 
shown by sample N might be obtained or, if a portion 
of the drier felt is excessively wet when it contacts the 
sheet, the effect may be similar to that of sample P. 

Sample O illustrates the pattern obtained when the 
sheet is tested while wet. This probably explains why 
good results are often obtained when a wet sheet is 
coated. 

The effects of excessive drying are seen to be small 
from samples Q and R. Excessive calendering, how- 
ever, has a very great influence, as seen from samples 
S and T. 

Numerous other surface treatments can be conceived 
and each will probably influence the paper surface 
wettability. For example, repeated trials (7) have 
demonstrated that a gentle brushing of the surface 
with a dry, soft-bristled brush will often change the 
surface so that it is wet very uniformly. 


DETERMINATION OF THE QUANTITY AND THE 
DEPTH OF PENETRATION OF INK IN THE TESTED 
SHEETS 


A knowledge of both the quantity and the distribu- 
tion of the ink in a tested sheet would be of value not 
only in understanding the action of the applicator 
but also in characterizing the paper when tested under 
given conditions. 
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Several methods of evaluating printed areas have 
been developed (9, 10), but none of the techniques 
seemed to supply the information desired in the pres- 
ent work; therefore, a new procedure was sought. The 
equations of Kubelka and Munk (11), which show the 
relation between the incident, reflected, and trans- 
mitted light from a thin homogeneous layer of absorb- 
ing and scattering material, contained the desired fac- 
tors of absorption coefficient and thickness of the ma- 
terial. 

Considerable work has been done with these equa- 
tions (12-23) but, in all cases, the material being 
tested was considered as a single homogeneous layer, 
The work, therefore, was not applicable to the present 
problem in which the sheet consists of two layers—one 
of colored paper and one of original white paper. 

One of the equations of the original derivation [(//), 
equation 8, or (12), equation I] was 


(RN a? DCR a Vaal) 
(R’ —a = Va? — 1) (Ra ae a= 0) 


28XV/a?—1 =In 


(1) 
where 
X = thickness of homogeneous layer in mils 
S = scattering coefficient in reciprocal mils. This coeffi- 
cient relates to the optical scattering in the sheet 
K = absorption coefficient in reciprocal mils. This coeffi- 
cient relates to the optical absorption in the sheet 
R = absolute reflectance of surface on which lght is in- 
cident 
Wey absolute reflectance of background behind the sheet 


= SUES 


This equation can be applied to any thickness of 
any homogeneous material which scatters and ab- 
sorbs light. 


il a pad of the tested paper. 
The white portions repre- 
sent the white layer and 
the black oreas, the dyed 
Jayer. Note that the sheets 
must be arranged in the 
order indicated. 

(il an opaque pad of the orig- 
inal paper 

Fe ablack body (zero reflect- 
ance) 


Colored 
Layer 
White 
Layer 


Fig. 8 Fig. 9 


Let us imagine that the cross section of a sheet 
colored with the wettability tester is as illustrated 
in Fig. 8. The above equation can be applied to the 
colored layer by having the light incident on the 
colored surface. The layer of white paper then serves 
as part of the background. The remainder of the 
background can be made up of a number of materials 
having known reflectances, such as a thick pad of the 
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original paper, a black material having zero reflectance, 
or an opaque pad of the tested paper. 

Or, the light may be made incident on the white 
side of the tested paper; then the equation can be ap- 
plied to the white layer with the colored layer plus one 
of the materials above serving as the background. 

With the mentioned general scheme of approach 
and the concept of the cross section of the sheet as 
shown in Fig. 9, several methods for determining the 
average quantity of dye in the sheet and the average 
depth of penetration of the dye were developed. 

The following svmbols are used in Fig. 9 and the 
following discussion. 


A = reflectance of the white side of a thick pad of the 
tested paper 


B = reflectance of the colored side of a tested sheet 
backed with an opaque pad of the original paper 

C = reflectance of the colored side of an opaque pad of 
the tested paper 


D = reflectance of an opaque pad of the original paper. 
The R ~ of previous workers 

reflectance at the interface of the two layers, of the 
colored layer backed with a material of zero re- 
flectance (the Ro of previous workers) 

y = thickness in mils of the colored layer. Average 

depth of penetration of the dye 

X = total thickness of the paper in mils 
= scattering coefficient of the paper. This applies to 
both dyed and analyzed portions of the sheet, 
since it has been shown (21) that dyeing has little 
effect on the scattering coefficient 

Ki, = absorption coefficient of the colored layer 

Ke = absorption coefficient of the original paper 


H 


By applying equation (1) to reflectance B and to re- 
flectance C, two relationships are obtained which can 
be equated and simplified to 


K, _A+B-—C-—D+ ABC + ABD — ACD — BCD 
S S(AB= CD) cs 


1 
(2) 


It is seen that reflectances A, B, and C can be meas- 
ured directly on the tested sheet. Likewise, D and X 
can be measured on the original paper and S can be 
determined in the usual manner from one of the 
charts (15, 18)’ of the Kubelka-Munk equation. 
Therefore, from a thickness measurement and four 
easily determined reflectance values, the value of Ky, 
which is a function of the amount of dye per unit 
thickness of the colored layer for infinitesimally thin 
layers, can be calculated. 


After solving equation (2) for K,/S, the depth of 


penetration, y, of the dye can be obtained by directly 
solving the equation 


ms (B- a — Va? — 1) (D—a + Va? —1) 
(D — a — Va? — 1) (B= a + Va?—1) 
28 Vay? — 1 C) 


which results from applying equation (1) to reflect- 
ance B. 

The depth of penetration may also be determined 
by calculating the value of the reflectance of a thick 
pad of only colored layers—the KR. of previous 
workers—from the following equation: 


Kem pip (4) 
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and the value of reflectance H—the Ro value of previ- 
ous workers—from the equation 


1D) 553 


ape BDI 


(5) 


and then using the Bureau of Standards charts (15, 
18) to obtain the Sy value of the colored layer. A 
simple division with the known value of S gives the 
depth of penetration, y. 

Equation 5 results from applying equation (1) to 
reflectance H and reflectance B, combining the two 
resulting equations, and simplifying as before. 

The above relationships are applied only to the 
present problem of ascertaining the amount and dis- 
tribution in depth of dye in a sheet from the wettabil- 
ity tester. This is by no means the limit of application. 
Equation (2) is simply the relation between the ratio 
of two fundamental properties of a material and two 
reflectances of the material backed by two different 
materials of known reflectances. It may be applied, 
therefore, to any material under any conditions in 
which the reflectances of the backgrounds are known 
or can be measured. 


SURFACE ABSORPTION VALUE 


The absorption coefficient, K,, is a measure of the 
fractional amount of light absorbed per unit thick- 
ness of the colored layer for infinitesimally thin layers. 
Several workers (13, 19, 21, 22) have shown that the 
absorption effects of individual components in a sheet 
are additive. The product, Kiy, of the colored layer 
minus the product, Key, of an equivalent layer of un- 
colored paper is, therefore, proportional to the quan- 
tity of dye in the sheet. 


(Kk, — K2)y ~ weight of dye (6) 


This value may be taken as a measure of the average 
wettability and absorption of the surface layers of a 
sheet. Inasmuch, however, as the coefficient, Ke, is 
usually very small as compared with Ky, it may be 
neglected and the value of K,y will satisfactorily 
represent the quantity of dye. This is particularly 
true with heavily colored sheets obtained with low 
vacuums on the wettability tester, which are the con- 
ditions used to best reveal surface wettability patterns. 
Hence, for the present work, K,y is suitable and has 
been designated as the “surface absorption” value. 

In an examination of the impregnating effect at high 
vacuums, K, is generally less than 1.007 and K»2, which 
is of the order of 0.02, may not be neglected; there- 
fore, (K,—K2)y would probably be the most satis- 
factory measure of the degree of impregnation. 


Results and Discussion of the Application of the Equations 


To obtain a series of papers with varying quantities 
and varying distributions of dye, a number of sheets 
of the same sample were run at several different de- 
grees of vacuum. All other conditions were held con- 
stant. Reflectance values were measured with the 
General Electric recording spectrophotometer at the 
three different wavelengths of 540, 580, and 670 mmu. 

The wavelength of light with which the reflectances 
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are measured should, of course, markedly affect the 
value of K, but, if the relationships of the equations 
are true, the value of y should be the same for all 
wavelengths. Actually, there appears to be a slight 
effect from 540 to 670 mmu. As the wavelength of 
light was increased, y decreased about 0.07 mil or 
2.3% of the thickness of the sheet. For the purposes 
of the present work, this change is negligible. 

Two series of colored papers were made with differ- 
ent degrees of vacuum, one with a coating raw stock 
and one with a sulphite bond paper, on both the felt 
and wire sides of the papers. Calculation of the y 
values showed that the depth of penetration reaches a 
minimum at between 10 and 30 mm. Hg vacuum. Ap- 
parently, at very low values, the vacuum is not suffi- 
cient to remove all excess ink from the surface. The 
remaining film is absorbed by the paper after the 
applicator passes on. As the vacuum is increased, the 
thickness of the film left on the paper reaches a mini- 
mum and then increases as the impregnating effect 
becomes more and more pronounced. 


RAPID ESTIMATION OF SURFACE ABSORPTION 


Consideration of the derivation of equation (2) and 
of Fig. 9 indicates that either reflectance C or reflect- 
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Fig. 10. (top) Relation of surface absorption to reflect- 
ance B 


(bottom) Relation of surface absorption to 


Fig. 11. 
reflectance C 


ance B might be a measure of the amount of dye in 
the tested sheet. The data which were secured are 
shown in Figs. 10 and 11. The points in the figures 
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represent reflectances measured on both the felt and 
wire sides of a sulphite bond and a groundwood coat- 
ing raw stock tested with vacuums from zero to 700 
mm. Hg vacuum. Monochromatic light of wavelengths 
540, 580, and 670 mmu, and tungsten filament light, 
were used. Even though the test conditions were so 
extremely varied, the data form a reasonably good 
curve in each case. It would seem likely that a fairly 
satisfactory measure of the surface absorption of a 
sheet could be obtained by determining either re- 
flectance B or C of a sheet tested at a low vacuum 
and then reading the corresponding value of Kyiy 
from the appropriate curve. All test conditions of ink, 
speed, backing, vacuum, wavelength of light, etc. must 
be specified, of course, if values on different samples 
are to be compared. Inasmuch as the relations of 
Fig. 11 may have been fortuitous because of the types 
of papers used, construction of a specific curve for any 
given paper on which extensive work is to be done is 
recommended. 

The tested sheet could also be examined visually 
for irregularities of surface wetting. 


SUMMARY 


An apparatus which will reveal the surface wetta- 
bility pattern of a sheet of paper was improved and 
constructed. The effects of operating variables were 
analyzed and a new principle of vacuum application, 
the impregnation effect, was discovered. Consideration 
of the mechanism of the action of the wettability 
tester shows that the true surface pattern of a paper 
cannot be obtained. With optimum operating con- 
ditions, however, a pattern sufficiently accurate for 
practical purposes can be obtained. 

An equation of Kubelka and Munk (11) was ex- 
tended to provide a means of measuring the thickness 
and the absorption coefficient of either layer of a 
duplex sheet in which both layers have the same scat- 
tering coefficient but different absorption coefficients 
and thicknesses. The derived equations were used to 
determine the average amount (K,y) and the average 
depth of penetration (y) of ink in the colored sheet 
from the wettability tester. 

Although the value of the absorption coefficient 
changed markedly with the wavelength of light used 
in measuring the reflectances, the value for the depth 
of penetration remained practically constant. Cal- 
culations based on reflectances measured with tungsten 
filament illumination are apparently satisfactory. 

Two methods of examining the colored sheets were 
developed. 

1. A simple visual examination was used to com- 
pare the mottling of one surface pattern with that of 
another, and thereby to compare the uniformity of 
spontaneous wettabilities of the surface. Usually, 
the patterns were quite different and could be ranked 
easily according to their degree of irregularity. 

2. The fundamental quantity, K,y, of the colored 
layer was calculated and used as a measure of the 
amount of a given dye absorbed by the paper under 
specified test conditions. This quantity was designated 
the “surface absorption” of the sheet. 

Results of both types of examination did not cor- 
relate with standard paper tests. 

A rapid method for measuring the approximate 
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surface absorption of a sheet was illustrated. Only 
one reflectance of a tested sheet need be made; the 
surface absorption can be determined from a curve 
showing the relation between the reflectance and the 


quantity, Kiy. 

Surface wettability and absorption are dependent 
upon chemical and physical properties of the paper 
surface and practically any type of treatment of the 
sheet (as a whole or of the surface only) will influence 
the surface absorption and alter the surface wettability 


pattern. , 

In view of certain practical experiences (7) and in 
consideration of the mechanisms involved, it is ap- 
parent that the surface absorption value, in conjunc- 
tion with the visual examination of the surface pattern, 
will be an important factor in predicting the perform- 
ance of a sheet in a coating, gumming, or aqueous 
printing operation more accurately than by any 
other known test. 
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A New Process for the Separation of Lignin and Cellulose 


RAPHAEL KATZEN, JOSEPH PEARLSTEIN, ROBERT E. MULLER, and DONALD F. OTHMER 


_A new process is described for separating lignin and cellu- 
lose utilizing chlorine in the presence of boiling methanol. 
Methoxy lignin chloride derivatives of the lignin are read- 
ily recovered, substantially different from methoxylated 
and chlorinated lignins previously obtained. The meth- 
anol-chlorination process is limited by diffusion as are 
standard pulping processes. Although extractives in wood 
have no appreciable retarding effect on the reaction, mois- 
ture present must be limited to prevent conversion of the 
true chlorination reaction to an undesirable oxidative type 
ofreaction. Semipilot plant operation in glass equipment 
indicates the possibility of accelerating the process by con- 
tinuous countercurrent operation, yielding optimum de- 
lignification of a more resistant wood species, jack pine, 


in 1 hour at 60°C. 


PROCESSES FOR separation of lignin and cellulose 
normally degrade both fractions. In research on vari- 
ous lignin reactions, it was found that chlorination of 
wood in methanol permitted the separation and re- 
covery of a useful cellulose component; simultaneously 
producing a light-colored lignin product, inherently 
stable, yet reactive under controlled treatment. 

Prior work has yielded chlorinated lignins from aque- 
ous media (2, 12, 20, 21, 22, 23, 30, 39, 40). The oxida- 
tive type of reaction resulting in such media causes 
demethoxylation of the lignin product. Chlorination in 
organic solvents has been carried on at low tempera- 
tures (10, 11, 17, 25, 26), and although some workers be- 
lieved that the presence of moisture was essential to the 
chlorination reaction, chlorination in methanol did 
yield partially methoxylated lignins. 

Pulping of resinous species of wood raises difficulties 
which have been attacked with a variety of pretreat- 
ments (3, 6, 7, 8, 9, 13, 28, 34, 35), but practical applica- 
tions have been limited. In the present work, effects of 
wood species, moisture content, particle size, and ex- 
tractive content on the separation and nature of the 
lignin derivative were observed. Reaction rates and 
effects of temperature were also observed in the case of 
some wood species. 


PROCEDURE 


Sawdust, shavings or small wood chips were agitated 
in boiling methanol in a three-necked round bottom 
flask, fitted with a chlorine sparger, condenser, and vent 
line to an absorber. Standard taper glass joints were 
used, and the agitator was sealed with acetylene tetra- 
bromide. An electric hot plate supplied heat. 

Methoxyl content of the lignin derivative was de- 
termined by Clark’s modification of the Viebock and 
Schwappach method (5) with I-hour reaction time. 
Chlorine content was determined on a separate sample 
by fusion with sodium peroxide in an electrically ig- 
nited Parr bomb; followed by precipitation, separation, 
drying, and weighing of chlorides as the silver salt. 
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Alpha-cellulose was determined by the A.C.S. standard 
method (31). 


METHOXY LIGNIN CHLORIDE STUDIES 


Initial runs were made to determine the nature of the 
reaction and of the lignin products (designated MLC), 
using maple sawdust, methanol, and chlorine. Reac- 
tion temperature was the boiling point of methanol, 
66°C. Following filtration from residual crude cellulose, 
MLC, which had been dissolved in the methanol, was 
precipitated (after concentration of the solvent) by 
admixture with water. Washing the residual crude 
cellulose (designated C-A) with hot methanol or dioxane 
yielded additional MLC after concentration and pre- 
cipitation in water. 

Data are given in Table I. Increase of reaction time 
from 2 to 3 hours (runs 5 and 6) increased MLC yield 
slightly, but decreased C-A yield considerably, indicat- 
ing excessive decomposition of the latter. Run 7 gave 
comparable results showing that water was not essential 
for the chlorination reaction, as claimed by earlier in- 
vestigators. Use of extractive free wood in run 12 in- 
dicated that extractives in wood had no adverse effect 
on the reaction, but probably exert some protective 
influence on cellulose subjected to acid degradation. 
Calcium carbonate in run 15 neutralized approximately 
half of the hydrogen chloride formed. The reduced 
yield of MLC and increased C-A yield showed that 
reaction was retarded; or acid cleavage is essential. 

Methanol soluble MLC in Table I is substantially 
reproducible in the different runs; the dioxane soluble 
MLC, however, shows an appreciably lower chlorine 
content. In all later work methanol was used for this 
washing, and washings were combined with reaction 
liquor. Analyses of unpurified methanol soluble MLC 
from runs 5, 7, and 12 show good agreement. 


No. 5 No.7 No. 12 
C 43.4 42.5 40.8 
H 4.6 4.0 3.8 
Cl 28.0 28.1 29.5 
O (by difference) 24.0 25.4 25.9 
OCH; 225 20.8 19.8 


MLC from run 12 should be the purest since extrac- 
tive free wood was used. From this analysis, the for- 
mula of maple MLC might be 


C4oH2g014Cly2(OC H3) >—least molecular weight 1437. 


Spruce MLC, assuming a molecular weight approxi- 
mating that of maple MLC, has a chlorine content of 11 
atoms, and a methoxy] content of nine groups. A 
spruce lignin derivative of Jansen and Bain (17) from a 
lower temperature reaction contained 13 chlorine atoms 
and seven methoxyl groups. 

Maple MLC obtained from reaction in boiling meth- 
anol is completely soluble in methanol, acetone, ethyl 
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Table I. Methoxy Lignin Chloride Studies—Preliminary Runs 


Crude. cellulose, 


Run Wood, g. Methanol, ml. Time, hr. Methoxy, yield, % Lignin, OCH:, % Chloride, Cl, % yreld, % 
5 2 24.2 m 22.4 28.0 (3) 
5 25.0 200 aie ey ee 
26.4 m 21.0 : : 
6 P45) (0) 200 3 Tool 21.1 ia 
g V/s 26.6 m 20.8 : : 
: ee a ik d 21.4 25.0 
ie 50.0 500 21/s PHN et m 19.6 29.2 eee 
152 50.0 509 3 13. 3 :. 1 ee i : 


24-Mesh maple sarlusy containing 6.0% moisture used in all runs except where noted. 
m—Methanol soluble MLC. 
d—MLC from dioxane washings. 


@ Anhydrous conditions. b Extractive free wood, ¢ 14 g. calcium carbonate added to cook. 

‘acetate, amyl acetate, and acetic acid; partially soluble (Table III). The total of lignin and extractives may be 
in chloroform, carbon tetrachloride, ethanol, benzene, regarded as the total material potentially convertible 
toluene, and carbon disulphide; and slightly soluble to MLC. Degree of delignification is calculated two 
in ethyl ether, dilute sodium carbonate, dilute sodium ways; first, on the basis of MLC recovered (after de- 
hydroxide, dilute sodium sulphite, and ammonia, all at duction of methoxyl! and chlorine added; second, on the 
room temperature. Maple MLC reduces potassium basis of C-A recovered. Both are subject to error; 
permanganate, is acetylated by boiling with either the former due to loss of MLC and extractives in dilute 
glacial acetic acid or acetic anhydride, and is decom- methanol solution, the latter because of loss of hydro- 
posed by boiling 10% sodium hydroxide. MLC is a lyzed cellulose fractions in water solution. ae 

cream-colored to light yellow amorphous, nonhygro- A wide difference between the two delignification 
scopic solid of variable melting point, susceptible to values in Table II indicates excessive cellulose degrada- 
thermal decomposition. tion, probably due to hydrolysis. The best checks were 


obtained for yellow pine, sugar pine, longleaf pine and 


ey Comat ete. redwood, some of the most resinous species. This 


Samples of various woods and bagasse were air-dried would indicate that extractives protect the cellulose 
and chlorinated in boiling methanol. All runs were for from hydrolytic reactions. On the basis of MLC yields, 
3 hours, except tamarack which was run for 5 hours. hardwoods and softwoods appear to react similarly, but 
Data for products are given in Table II. Analytical there is considerable difference with regard to cellulose 
data are incomplete for MLC from longleaf pine and degradation. 

Douglas-fir. Very similar MLC products were ob- 

tained from sugar maple, white oak, aspen, jack pine, EFFECT OF EXTRACTIVES IN WOOD 

eastern spruce, tamarack, and bagasse. Sugar pine It was noted previously that extractives probably do 
yielded a highly methoxylated product, while redwood not interfere with the basic reaction but may have 
MLC was low in methoxyl. Yellow pine and white added to the yield of MLC without affecting its analysis. 
pine MLC’s were low in chlorine, while redwood MLC A more complete study was made on redwood, a highly 
had a high chlorine content. resinous species. Extractives were removed from red- . 

Highest MLC yields were obtained from the most wood shavings with a constant boiling mixture of 
resinous species. The usual inhibitory effects of ex- methanol-benzene, and were chlorinated in this solu- 
tractives on lignin separation are not evident; the ex- tion. MLC was recovered as usual. 
tractives may have become part of the MLC product. Extractive free redwood was also chlorinated in 
Yields alone do not indicate the degree of delignifica- methanol, as was a sample of air-dried, but otherwise 
tion, because of variation in lignin and extractive con- untreated redwood. In order to establish a common 
tents of various wood species as shown by analyses time basis, a value for untreated redwood was inter- 


Table II. Methanol-Chlorination of Various Wood Species 


Run Wood on wen” SG ae a ee wee ok es ea te foe ee eee 
Deciduous Woods (Hard) 
Sugar maple 14.6 21.8 26.8 86.3 31 37 
45 White oak 16.0 19.9 28.5 76.1 30 69 
P-8 Aspen LOR 22.0 27.6 85.0 27 61 
Coniferous Woods (Soft) 
P-7 Jack pine 11.4 2170 28.2 85.5 2 
30 Yellow pine 24.1 20.4 23.4 85.0 ‘1 37 
382A Sugar pine 2a02 24.6 27.6 86.5 36 34 
19 White pine 19.1 19.6 25.9 84.1 30 38 
25 Longleaf pine 37.5 i: ve 75.5 48 47 
28 Douglas-fir 24.7 me re 75.8 38 56 
24 Eastern spruce 13.7 19.7 29.3 94.0 26 18 
27 Redwood 46.2 16.2 32.9 72.6 50 49 
P-9¢ Tamarack 133 215 29.7 72.0 25 90 
Grass Fiber 
Ct? Bagasse 16.5 21.4 29.4 68.4 42 100 
@ 5-hour run. 


b Sugar cane waste. 
DWEB-drywood basis 
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Table III. 


Wood Analyses 


D b . 5 . x a ° 
Species Extractives, % Ligaen, % Cellulose, % Lee fo pe See Oe % 
Deciduous Woods 
Sugar maple 8.9 20.1 71.0 2D | Hee 
White oak 8.5 26.0 65.5 28.4 TAG 
Aspen 4.2 20.5 TOe8 PAL 83 78.7 
Coniferous Woods 
Jack pine 4.9 29.0 66.1 30.5 69.5 
Yellow pine 6.6 34.0 59.3 36.5 63.5 
Sugar pine 9.9 30.4 59.7 Bass 0 66.3 
White pine 12.5 29.6 57.9 33.9 66.1 
Longleaf pine 24.3 27.8 47.9 36.6 63.4 
Douglas-fir ils} 1b 30.0 56.9 34.5 65.5 
Eastern spruce _ 6.6 27.6 65.8 29.6 70.4 
Redwood (shavings) 24.7 31.2 44.1 41.4 58.6 
Redwood (Asplund fiber) 9.6 29.3 61.1 32.4 67.6 
Tamarack 6.3 25.00 68.0 PLE (2.5 
Grass Fiber 
Bagasse On zi 18.9 74.4 20.3 79.7 


polated from the time curves given later. Data for 
yields and analyses of MLC and for yields of C-A are 
given in Table IV. 

The high MLC yield and chlorine and methoxyl con- 
tents should be noted for the product of the extrac- 
tives run. After correction for chlorine and methoxyl 
added (the latter estimated) it is seen that more than 
50% of the redwood extractives are converted to a 
product closely resembling MLC in chemical and phys- 
ical properties. 

MLC obtained from extractive-free redwood is 
higher in methoxyl and lower in chlorine content than 
the extractives product. MLC from normal redwood 
has a chlorine content between the values obtained in 
the other two runs, but methoxy] is lower than either of 
the other values. 

Normal redwood shows delignification values of 
50.5 and 52.4% on basis of MLC and C-A, respectively. 
Extracted redwood shows 34.1 and 71.2% delignifica- 
tion on the same bases. This further indicates the pro- 
tective influence of extractives on cellulose during the 
reaction. 


EFFECT OF MOISTURE IN WOOD 


Water has been shown as unessential to the meth- 
anol-chlorination reaction, but small amounts present 
in the wood and solvent did not affect the nature of the 
MLC. A quantitative study of the effects of water was 
made on extractive free redwood shavings. Raw ma- 
terials in these runs were made anhydrous, then 0 to 
25% by volume of water was added to the methanol be- 
fore chlorinating for 4 hours. Data are shown in Table 
V and Fig. 1. 

Figure 1 shows the rapid decrease in MLC yield with 
increase in water content, while the apparent C-A 
yield increases indicating poorer delignification with in- 
creasing water. Methoxyl content of MLC decreases 
steadily with increasing water, while chlorine content 


first increases, then decreases. Assuming a molecular 
weight for redwood lignin of 840, and a methoxyl con- 
tent of 15.89%, the number of original methoxy]s is four. 
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Curve 1 C-A yield, 2 chlorine content of MLC, 3 methoxy 
content of MLC, and 4 MLC yield. 


Fig. 1. 


In methanol chlorination, 0 to 1% water has no effect 
on methoxyl addition, which is five groups, for a total 
of nine; but chlorine addition increases slightly from 13 
to 14 atoms per lignin molecule. Increase in water 


. Table IV. Extractive Variable 
Yield of MLC, Per cent OCH; in Per cent Cl in Yield of C-A, 
Run Material Time, hr. DWB, % MLC MLC DWB, % 
© Redwood 4 49.1 16.1 By 70.6 
52 Extracted redwood 4 19. 2° 19.5 34.0 77.8 
58 Extractives 4 103. 3° 18.8 SiG We 
@ By interpolation of data from Fig. 4. 
b On basis of dry extractive-free wood. 
¢ On basis of extractives charged. 
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Table V. Redwood Methanol-Chlorination—Moisture 


Variable 

ae Yield of Per cent Per cent Yield of 

methanol, MLC, OCH, in Cl in C-A, 
Run NG DWB, % MCL MLC DWB, % 
85 0.0 22.4 19.6 31.3 81.0 
52 11) 19.2 19.5 34.0 77.8 
86 8.9 14.3 iG), 34.8 94.1 
87 20:0 10.0 ot 30.3 91.0 
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Fig. 2. Effect of time on methanol-chlorination of sugar 
maple 


Curve 1 C-A yield, 2 chlorine content of MLC, 3 methoxy 
content of MLC, and 4 MLC yield. 


above 1% decreases methoxyl addition, finally causing 
methoxyl removal; at 25% water in methanol, MLC 
contains only three methoxyl groups. Simultaneously, 


chlorine addition is reduced, amounting to only nine 
atoms per lignin molecule. 


REACTION RATE STUDIES 


Sugar maple, white oak and redwood shavings, and 
jack pine Asplund fibers were used to study the rate of 
the basic reaction. Since methoxylation, chlorination, 
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Fig. 3. Effect of time on methanol-chlorination of white 
oak 


Curve 1 C-A yield, 2 chlorine content of MLC, 3 methoxy 
content of MLC, and 4 MLC yield. 


Table VI. Reaction Rate Variables 


Yield of MLC, Per cent OCH3 in Per cent Cl in Yield of C-A, Per cent delignification 

Run Time, hr. DWB, % MLC LC DWB, % MLC basis C-A basis 
Sugar Maple Shavings 
44 21/4 14.6 21.0 2602 87.2 35 44 
48 3 14.6 Dies 26.8 86.3 35 47 
43 i) 1155, 22,5 PA). 058 80.4 BY) 67 
47 of Sari Pipe, 22 26.0 Wail 45 79 
White Oak Shavings 
33 11/, 10.7 16.4 26.9 83.5 23 48 
34 21/4 14.1 20.5 25.8 87.6 29 36 
45 3 16.0 19.9 28.5 76.1 32 70 
38 5 18.0 19.4 247. 69.4 37 89 
36 7 18.4 Pal 4 26.6 69.0 37 90 
Redwood Shavings 
49 1 18.6 12.8 29.7 71.9 23 50 
50 11/, 19.9 NPE =; (222 25 50 
35 21/4 39.2 14.2 Some 42.0 46 50 
PH 3 46.2 16.2 32.9 72.6 54 49 
40 5 50.2 16.0 36.2 65.5 54 62 
37 7 55.0 15.9 36.7 68.1 59 57 
Jack Pine Asplund Fiber 
64 21/4 20.5 19.8 28.0 84.0 46 47 
63 3 20.7 19.6 29.4 82.7 47 ol 
62 fs 25-2, 22.9 31.6 82.8 54 ol 
73 7 id 25.2 DoS 31.4 81.3 54 55 
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and solvolytic reactions occur simultaneously, the time 
rates could not be determined exactly. Furthermore, 
observation of yields and analyses of ligneous and cel- 
lulosic products are not reliable as measures of reaction 
rates because of losses of part of these materials in 
solution. Chlorine consumption is unreliable as a 
measure because of the large amounts absorbed by the 
solvent and wood, some of which is utilized in side 
reactions with the solvent. 

Measurements were made of variation with time of 
yields of MLC and C-A, and analyses of the former; 
data obtained are shown in Table VI and Figs. 2, 3, 4, 
and 5 for the four wood species studied. 

For sugar maple, C-A yields decrease more rapidly 
than MLC yields increase indicating degradation of 
cellulose. Chlorine content of MLC remains almost 
constant at 11 atoms, but methoxyl content increases 
with time to a total of 10 methoxyl groups (five in the 
original lignin—assumed molecular weight = 950, 
methoxyl content 20.3%). ° 

White oak C-A and MLC yields, as well as chlorine 
and methoxyl content of the MLC, show the same rela- 
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Fig. 4. Effect of time on methanol-chlorination of red- 
wood 


Curve 1 C-A yield, 2 chlorine content of MLC, 3 methoxy 
content of MLC, and 4 MLC yield. 
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Fig. 5. Effect of time on methanol-chlorination of jack 
pine 


Curve 1 C-A yield, 2 chlorine content of MLC, 3 methoxy 
content of MLC, and 4 MLC yield. 


tion as the sugar maple products; 11 chlorine atoms are 
added to the lignin molecule as well as four methoxyl 
groups (calculated on a lignin molecule similar to maple 
lignin). 

A different trend is noted for redwood, where MLC 
yields increase more rapidly than C-A yields decrease. 
This may be attributed to gradual conversion of soluble 
extractives to MLC, and the protective influence of 
these extractives on the cellulose fiber, as noted pre- 
viously. Ultimate chlorine addition amounts to 16 
atoms, while four methoxyl groups are added (based on 
an assumed redwood lignin molecular weight = 840, 
and a methoxyl content of 15.8%). 

Jack pine shows more resistance to methanol chlorina- 
tion than the other species, and excessive cellulose deg- 
radation results. Fourteen chlorine atoms are added 
to the lignin, as well as eight methoxyl groups (assuming 
original lignin similar to redwood lignin). 

Analysis of reaction rate data indicates that the 
methanol-chlorination reaction is limited, like other 
pulping processes, by diffusion of reactants and prod- 
ucts into and out of the wood fibers. An attempt to 
compare reaction rates indicated that the degree of de- 
lignification is an exponential function of time for the 
four species studied with jack pine showing a much 
slower rate of reaction than maple, oak, and redwood. 


SEMIPILOT PLANT EXPERIMENTS 


In order to understand more fully the reaction and 
the possibilities of conducting it continuously, and to 
prepare larger quantities of MLC and cellulose for 
further experiments, a larger reaction unit was de- 
veloped. This was constructed of standard Pyrex glass 
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pipe and fittings with a Pyrex centrifugal pump for clr- 
culating the solvent through a 5-foot section of 4-inch 
glass pipe. Various difficulties were overcome in the 
design and operation of this apparatus, and consider- 
able information was assembled which would be useful 
in the development of larger scale equipment. 

It was found that poor delignification was obtained 
when jack pine Asplund fibers were treated at 60°C. 
with an average time in the continuous system of 1/2 
hour. A 1-hour reaction time gave good results and 
1!/. hours gave some degradation due to the hydrogen 
chloride present in the liquid. It was also found that 
temperatures above 50°C. are required for satisfactory 
delignification in a series of runs made with constant 
time and temperatures at different values between 47 
and 61°. Various operating features indicated that 
higher temperatures and pressures would be desirable 
and would give shorter reaction times. 


CONCLUSIONS 


The major process variables have been studied in 
laboratory and semipilot plant equipment to indicate 
the nature of the reaction and its applicability to vari- 
ous hardwoods and softwoods. 

Although anhydrous conditions are unnecessary, 
limitation of water in the reaction is of critical im- 
portance. Water exceeding 3% of the reaction mixture 
will limit chlorination and methoxylation yielding an 
inferior MLC product. As methanol can be obtained 
and recovered at 99% strength, the wood used may con- 
tain 15 to 20% water or even more in a continuous 
countercurrent system where the solvent stream would 
have a drying effect. 

Extractives in wood cause little difficulty. The ex- 
tractives are evidently chlorinated and methoxylated 
in the same manner as lignin, and yield similar products. 
This indicates that some of the extractives are related 
to lignin in composition, or are intermediates in the 
plant synthesis of lignin. There is also evidence that 
the extractives protect the cellulose from excessive acid 
degradation during initial stages of the process. Wood 
species such as redwood and longleaf pine, which are re- 
sistant to standard pulping processes because of their 
high extractive content, are delignified readily by this 
process. 

Hardwoods and softwoods, as well as bagasse, may 
be delignified. A few species are more resistant and 
give excessive cellulose degradation. Interesting color 
changes were noted for various wood species during the 
reaction; ranging through red, purple, and even black 
before the normal yellowish color of the crude cellulose 
is attained. 

The reaction rate is similar for redwood, sugar maple, 
and white oak, but for jack pine it is considerably 
slower. 

Semipilot plant operation showed that continuous 
counter-current operation resulted in major delignifica- 
tion in 1 hour at temperatures of 50 to 60°C. It was 
indicated that operation at elevated pressures and 
temperatures would permit further reduction in reaction 
time. 

Semipilot plant work served only to indicate the 
feasibility of continuous operation of the process. Fur- 
ther development will require the use of equipment per- 
mitting operation at moderate pressures. 

Measurements of chlorine and methanol consumption 
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in the laboratory and semipilot plant runs were not sub- 
ject to satisfactory control. Evidences of side reactions 
were noted; the formation of an explosive flame where 
chlorine entered the methanol in the presence of light 
of high intensity (such as direct sunlight), and the 
collection of a volatile fraction having the physical prop- 
erties of methyl hypochlorite. The flame problem was 
overcome by proper light shielding. Analytical data 
indicate that methyl hypochlorite is an active inter- 
mediate, and this material must be retained in the 
system. 

Economic analysis of this process is dependent upon 
further pilot plant investigation, and more complete 
evaluation of the methoxy lignin chloride and cellulose. 

The process described above is covered by U.S. pat. 
2,491,499. 
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Electrification of a Pulp and Paper Mili 


J. C. LYNCH 


The electrification of a pulp and paper mill which started 
operations in 1899 is described. With the exception of a 
few initial years of operation, electric power has been 
utilized for auxiliary drives from the earliest days of the 
company’s pulp and papermaking activities, and as far 
back as 1917 the program of electrification of main drives 
was started. Today the ‘plant operates a 21,000-kw. central 
power station to serve a pulp and paper mill with an 
average daily output of 300 tons, completely electrified 
and driven by approximately 1500 motors totaling 28,000 
hp. The history of this generating station and the growth 
of the papermaking facilities and paper production which 
made it necessary are traced. 


THE PLANT began operations in 1899 with a 
two-machine mill, including complete wood room and 
pulp cooking facilities using the sulphite process. 

In the interval between 1899 and 1903 no electric 
power was generated or purchased and all power re- 
quirements were developed by steam engines. 

A vertical steam engine-driven pump was used for 
the main water supply. A 1500-hp. Allis-Corliss cross 
compound condensing engine was used to drive the 
beater room and all equipment in the pulp mill includ- 
ing the wood room. The paper machines and auxilia- 
ries were driven by steam engines, as were heating fans 
and other miscellaneous equipment. 

As the mill expanded, more engines were added for 
paper machine and pulp mill drives. In 1907, the 
Allis-Corliss engine was relieved of the pulp mill load 
and used exclusively for beater drives, plus a belt 
connected direct-current generator. Simultaneously, 
the first Hannover-Lentz poppet valve engine installed 
in this country was put in service to drive the wood 
room and pulp mill. It was rated 750-hp. tandem 
condensing. Supercalenders were installed in 1911 and 
driven by a Lentz engine. In this same year, the first 
turbine-driven mill water pumps were installed. In 
1917 two lineshaft-driven ammonia refrigeration com- 
pressors were installed in the acid plant. 

With all initial power requirements being served by 
steam engines, it was natural that the original boiler 
plant and engine room should be located in the center 
of the plant between the pulp mill and the paper mill. 
The initial boiler plant installation consisted of five 
150-p.s.i. units with a total capacity of 72,000 lb. per 
hr. In the interval 1899-1913 this plant was expanded 
to a total of 11 units with a combined capacity of 
158,000 lb. per hr. After the present power house was 
built in 1917, in a new location, these 150-p.s.1. boilers 
were gradually retired from service. The last units 
were removed in 1946. 

The first electric generators were 250-volt d.c. units. 
The first, a 150-kw. lineshaft-driven machine, was in- 
stalled in 1903 and used on lighting service only. As 
auxiliary drives were motorized commencing in 1905, 
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additional steam engine-driven d.c. generators were 
added until, by 1911, there were four units with a total 
capacity of 500 kw. (two 150-kw., two 100-kw.). 
These generators remained in service in the original 
main engine room until 1930 when a 2300-volt, 200-kw. 
motor-generator set replaced one 150-kw. and one 
100-kw. unit; a second 200-kw. motor-generator set 
replaced the remaining two engine-driven generators in 
1942. These two 200-kw. MG sets are now in service 
located in the central station, and supply all of the 
rather limited direct-current constant potenial require- 
ments. 

The first application of electric motors was on paper 
machine rewinders in 1905. These motors were 
double-ended units with two windings on the armature 
and a commutator at each end of the shaft. They 
were designed for series-parallel operation of the two 
armature windings and, when used with a drum con- 
troller, provided a speed range of 10 to 1 on the re- 
winder. Several of these motor frames are in service 
today although the armatures have since been con- 
verted to conventional single winding and single com- 
mutator units. 

The direct-current constant potential system has 
always been limited to auxiliary drives and never ex- 
panded beyond the size it attained in the first 8 or 10 
years of its service. From figures previously quoted 
it can be seen that the present day direct-current sys- 
tem is smaller in capacity than the system of 35 years 
ago. Today individual direct-current drives are 
limited to rewinders, cutters, fourdrinier shake drives, 
savealls, washers, and a few miscellaneous applications 
with the trend pointing to still further load reductions. 

The present alternating-current generation and dis- - 
tribution system was started in 1914 with the installa- 
tion of a 750-kva., 480-volt, 60-cycle condensing turbo- 
generator in the original main engine room. ‘This 
alternator and a 600-kva. back-pressure turbogenera- 
tor installed alongside in 1934 were the only 480-volt 
alternators ever used. Later alternator installations 
were 2.4-kv. and 13.8-kv. units, and the 480-volt sys- 
tem was served largely through transformers and unit 
substations. Today the 750-kva. machine is idle and 
the 600-kva. unit has recently been retired from serv- 
ice and sold. 

By the year 1917 the mill had grown to a five- 
machine mill following the addition of three paper 
machines in 1903, 1911, and 1912. All paper ma- 
chines and main drives were steam-engine driven and 
the use of electric power was still confined to lighting 
and auxiliary drives. In view of the growth of the 
mill, it was decided to expand both the steam and 
electrical generation facilities. The new facilities were 
installed in a new building on the lake shore and 
formed the nucleus of the present central station. 

Four new 250-p.s.i. boilers with chain-grate stokers 
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were installed; total capacity of these units is 90,000 
lb. per hr. These boilers are in service today although 
their use is somewhat restricted due to the addition of 
later facilities. The initial electrical generator in this 
new station was a 2000-kw, 0.75-p.f., 2.4-kv., 60-cycle 
condensing turbogenerator, the first 2.4-kv. unit in the 
plant electrical system. 

In order to tie the new 2.4-kv; generator with the 
existing 480-volt system a 1500-kva. transformer bank 
was installed at the main engine room where the 480- 
volt alternator was located. Although the 480-volt 
alternators are no longer utilized, this transformer in- 
stallation, later increased to 2000 kva., is still in serv- 
ice and the main engine room has become a 480-volt 
substation serving the paper mill area. 

In 1920 the demand on the power system had in- 
creased to the point where it was felt necessary to 
purchase power from the local utility. This arrange- 
ment lasted for three years during which time the 
plant purchased about 12% of its total requirements. 
In 1923 two additional 2000-kw. generators were in- 
stalled, duplicates of the original 2000-kw. installation. 
Since that time the plant has generated all of its power. 

The availability of a large block of 2.4-kv. power 
made possible the electrification of some of the larger 
drives. 

In 1920 several jordans were equipped with 300-hp. 
direct connected induction motors. The drives proved 
to be overmotored and affected the power factor ad- 
versely; in time, they were replaced with 200-hp. di- 
rect connected synchronous motors. 

Mill water pumps were first motorized in 1917; by 
1923 the electrification of these pumps had been com- 
pleted, with 150-hp. induction motors replacing the 
turbines. In 1926, the engine driving the refrigeration 
plant compressors was replaced with two 75-hp. slip- 
ring motors; expansion of the plant included a third 
compressor driven by a 200-hp. direct connected syn- 
chronous motor. The supercalender engine was re- 
placed in 1929 with a 125-hp. synchronous motor. 


The 750-hp. Hannover-Lentz engine driving the pulp 
mill and wood room lineshafts was retired in 1930. 
The individual lineshafts were motorized; today the 
wood room and bleach plant lineshaft are still in 
operation but the majority of pumps and all of the 
flat screens in the pulp mill area have been individually 
motorized. 


The first paper machine drives to be electrified were 
Nos. 2 and 5, in 1928 and 1931, respectively. Both 
machines were equipped with sectional drives and, in 
both cases, the direct-current generator was steam en- 
gine driven.’ In the case of No. 2, a decision to raise 
the top machine speed from 500 to 800 f.p.m. would 
have necessitated a complete new mechanical drive. 
A sectional electric drive was selected in preference to 
the mechanical drive in spite of the somewhat higher 
cost of the former, primarily for the sake of obtaining 
experience with this type of drive. In the case of No. 
5, the machine was rebuilt to include additional drying 
capacity. Because of the physical location of the ma- 
chine and the drive space limitations, a sectional elec- 
tric drive was installed. Although, in both cases, the 
main generator was steam engine driven, a complete 
synchronous motor-generator set was installed, looking 
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forward to the day when the drive would be completely 
electrified. 

As production and electric power demands increased 
a major extension to the central station was made in 
1936. Two boilers were added, each rated 675 p.s.1. 
and 80,000 lb. per hr. The station’s fourth turbo- 
generator was installed, a 4000-kw., 0.70-p.f., 2.4-ky., 
60-cycle machine. The turbine is a backpressure unit 
with steam supply at 675 p.s.i., exhausting at 150 p.s.1. 
The addition of this alternator raised the short circuit 
capacity of the electrical system beyond the interrupt- 
ing capacity of the station switchgear; consequently 
a new 2400-volt switchroom, with larger circuit 
breakers, was included in the expansion. The boiler 
auxiliary drives were motor driven. At this time a 
second 2000-kva. transformer bank, 2400/480 volts, 
was installed to serve the pulp mill area, and the 
original 2000-kva., 480-volt substation was confined 
to paper mill area service. 

Beater room electrification occurred in 1938, pre- 
cipitated by failure of the crankshaft on the steam 
engine driving the beater room lineshaft. The line- 
shaft was split into several sections and each section 
was motorized. In a short time this arrangement was 
replaced by individual 75-hp., 2.4-kv. drives. 

Number 6 paper machine was installed in 1940 with 
a single motor lineshaft drive. This was the first 
paper machine to be installed with the drive initially 
electrified. 

Following the beater room electrification the only 
remaining steam engine drives were on the paper ma- 
chines. In 1941 these engines were retired and the 
machines completely electrified. Numbers 2 and 5 
had been previously equipped with electric sectional 
drives; on Nos. 1, 3, and 4 paper machines the line- 
shafts were retained and the machines equipped with 
a single motor drive. 

The fifth turbogenerator was installed in the central 
station coincident with the electrification of the paper 
machines. It is a 5000-kw., 0.80-p.f., 2.4-kv., 60-cycle 
unit; steam pressure at the turbine throttle is 150 
p.s1.; the unit exhausts at 35 p.s.i. Installation of 
this unit was required because of increased electrical 
load and low pressure steam demand. 

While no expansion of power generation or paper- 
making facilities occurred during the war years, plans 
had been laid for a postwar program. In 1945 this 
program commenced and included new steam and elec- 
tric power generation facilities, a hydraulic log barker, 
a new and larger paper machine, pulp preparation fa- 
cilities, and a processing machine for air-dried papers. 

Two new boilers were installed, each rated at 675 
p.s.1., 150,000 lb. per hr.; simultaneously, the last of 
the 150-p.s.i. boilers in the original boiler plant were 
retired from service and removed to make way for 
the new paper machine. The new turbo-alternator 
was a radical departure from previous installations: 
the alternator is a 7500-kw., 0.80-p.f., 13.8-kv., 60- 
cycle unit; the turbine is a 675-p.s.i. condensing unit 
with two stages of extraction, at 150 p.s.i. and 35 DS 

The 13.8-kv. generator was tied to the existing 
2.4-kv. system through a 6000-kva. tie transformer ; 
in addition, two 13.8-kv. feeders were installed to serve 
unit substations in the new paper machine area. 
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The increase in station generating capacity again 
raised the short circuit capacity of the system beyond 
the interrupting capacity of the 2.4-kv. switchgear. 
The 2.4-kv. bus was then split into several sections 
and tied to a synchronizing bus through reactors. In- 
dividual reactors were installed in the 2.4-ky. genera- 
tor and feeder circuits and the short circuit capacity 
was reduced to meet the interrupting capacity of the 
switchgear. 


The hydraulic barker pumps and the pulp process- 
ing beaters were all equipped with 2.4-kv. drives; the 
paper processing unit required only 480 volt service. 

The new No. 7 paper machine is the largest to be 
installed in the plant. It is driven by a single gen- 
erator electric sectional drive with separate starting 
and running generators. The main drives and all 
auxiliary drives are powered from unit substations fed 
from the 13.8-kv. system. 


It is expected that existing power facilities will ac- 
commodate normal plant growth for a number of 
years to come. It is not likely that a physical expan- 
sion of the central station will be required in the near 
future; any expansion of steam or electric facilities 
would be likely to follow the line of replacement of 
existing 250-p.s.i. boilers with 675-p.s.i. units and the 
replacement of the 2000-kw., 2.4-kv. alternators with 
13.8-kv. machines, including expansion of the 13.8-kv. 
distribution system. 


ELECTRICAL DISTRIBUTION 


In a normal year of three hundred days operation, 
the plant utilizes approximately 100,000,000 kw.-hr. 
of electrical energy. This compares with a total of 
9,000,000 kw.-hr. used in 1919, the first full year of 
operation with the 2.4-kv. system. Of the total power 
generated, the following percentages are utilized for 
the services indicated: 


(PePPOwersplantraUxiliaries!)...208s oases sec cs —12% 
YD, IMD AENeTe Jo) Uragy Oc) Uleeheea ocean es carat tick iene err —11% 
%.. “Talley sills 3.6 Se eee een ori ee ee acne —22% 
a. Rese alll See no eee ole cen Bierce cae ae —47% 
Ri, TRSTIVISLATEVES -3..5 ea eee — 4% 
Game Vinscellameouspme setsss 5 te see coe ere oe sto tees — 4% 

TOOK a Sie es Set pe ene rea Meer —100% 


Although almost 50% of the power is used in the 
papermill, the greater part of this power is expended 
in stock preparation and stock and water handling 
rather than on the paper machine drives themselves. 
It is significant that the ratio of pulp and paper pro- 
duction to power consumption has consistently aver- 
aged a figure of 2 lb. per kw.-hr. for the past 30 years 
(total kilowatt-hours includes electrical generation 
plus equivalent steam-developed power). 

The original alternating-current system voltage was 
480 volts. The size of the first alternator in the pres- 
ent central station, 2670 kva., dictated the change to 
a 2400-volt system; the size of motor required for 
main drives, as large as 300 hp., indicated the use of 
2300-volt motors. A line was arbitrarily drawn at 
the 50-hp. level; all motors below this rating were to 
be 440-volt motors, and all motors 50 hp. and above 
were to be 2300-volt units. This voltage distinction 
was maintained until: the advent of the unit substation 
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when it became more economical to use 440-volt 
motors in ratings up to and including 150 hp. 

The increase in generation voltage from 2.4 to 13.8 
kv. was again dictated by the size of the last central 
station alternator, 9375-kva., and switchgear require- 
ments for a machine of this size. 

Varnished cambric, lead covered cables have always 
been used for the high-voltage feeders; the majority 
of the installations are in underground ducts, with a 
few in exposed conduit. The 2.4-kv. cables are for 
the most part single conductor, running as large as 
750 MCM.; the 13.8-kv. cables are three conductor, 
350 MCM. The system has been remarkably free of 
cable trouble, and there has never been an instance of 
cable failure. 

The 2.4-ky. system is ungrounded; the 13.8-kv. sys- 
tem is grounded through a neutral resistor at the 
alternator. Relay protection includes differential re- 
lays on the 13.8-kv. and the larger 2.4-kv. alternators 
while no relay protection is used on the three 2000-kw. 
machines. Feeder circuits are each equipped with two 
induction type overload relays with instantaneous trip 
attachments. 

Feeder outages have averaged slightly in excess of 
one per month for the past five years. None of the 
feeder circuits are equipped with automatic reclosing 
equipment, although instructions to the station oper- 
ators call for two immediate reclosures in the event a 
feeder breaker trips. A check of feeder outages in 
this interval indicates that at least 75% of them could 
have been avoided had the circuit breakers been 
equipped with automatic reclosing devices, properly 
coordinated with time delay undervoltage protection 
devices on individual motor drives. 

The first unit substations were installed in 1947 to 
serve the new paper machine and pulp processing fa- 
cilities. Two 1500-kva., 2.4-kv. and five 750-kva., 
480-volt units were instailed on the 13.8-kv. distribu- 
tion system. Two 13.8-kv. feeders are brought to 
each substation; a 13.8-kv. interrupter and selector 
switch is used to switch the transformer between 
feeders or de-energize it. Each unit is supplied with 
complete metering facilities, a secondary circuit 
breaker, and the requisite number of individual motor 
or feeder circuit breakers. A careful analysis of pres- 
ent and anticipated load requirements is of the utmost 
importance in obtaining maximum economy in unit 
substation installations. 


CONCLUSION 


The largest single electrical problem in a pulp mill 
and paper mill is the problem of corrosion and con- 
tamination caused by water, acid, and filler. The 
problem is primarily a maintenance problem but much 
can be done in the design of electrical installations and 
the application of equipment to reduce maintenance 
and replacement costs. The proper motor enclosure, 
the location of conduit lines, and the location and 
ventilation of motor control equipment are all major 
factors to be considered in installation design. 

The growth of an electrification program must be 
accompanied by a growth and expansion of mainte- 
nance facilities and personnel. Since the electrification 
of paper machine drives has occurred within the 
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memory of most of the operators, they are extremely 
critical of the performance of the electric drive. In 
order to obtain maximum results from the electrical 
equipment it is essential that a program of preventive 
maintenance be effected to insure continuity of service 
and performance. 

The initial success of an electrification program can 
be insured by good installation design and proper ap- 
plication of equipment; the continued success of the 
program can be insured through a well-planned sys- 
tem of preventive maintenance. 


DISCUSSION 


R. F. Sormnson (The Union Bag & Paper Corp., 
Savannah, Ga): Mr. Lynch’s report was of particular 
interest to me. Those of us who have come into the 
paper industry in the past few years have seen a com- 
pletely electrified mill and have not had a picture of 
the development that has taken place in the last fifty 
years. We have taken it all for granted without hav- 
ing any real conception of the work that had to be 
done by the older mills in bringing them to full elec- 
trification. Behind all of the achievements of Ham- 
mermill are a great many solved problems. Problems 
that, had they remained unsolved, would have pre- 
vented or greatly hindered the advancement of the 
program. These problems were solved one by one, and 
today much of the electrical system is taken for 
granted and known to be reliable. 

We are in a position, however, to witness another 
phase of electrification that is growing and developing 
now. The demand for better speed regulation of our 
sectional paper machine drives and the demand for 
closer control in other operations have brought about 
the application of electronics. 

The purpose of this discussion is to briefly outline 
the work at Union Bag in this phase of electrification. 
In 1947, we installed our No. 5 paper machine. This 
machine has complete electronic amplidyne control. 
This past Labor Day we converted No. 1 paper ma- 
chine, and this Christmas we plan to convert our No. 
2 paper machine to electronic-amplidyne control. The 
main purpose in this conversion is to make possible 
higher speed operation of these machines. As it was 
believed that electronic control would give much better 
speed regulation than the older selsyn control. The 
rated top speed of No. 1 machine was increased from 
1200 to 1500 f.p.m. by changing the gear ratios in the 
speed reducers. The same change in gear ratios will 
be made on No. 2 machine. We are now in position 
to compare the operation of No. 1 machine with and 
without electronics, and the results have been encour- 
aging. Normal speeds for the various weights of kraft 
paper run on this machine have been increased. We 
have run 40-pound kraft for considerable periods at 
1500 f.p.m. Since the installation is comparatively 
new, we hope to better our present performance. The 
figure generally accepted for the speed variations in 
the old selsyn control was 0.1%. From measurements 
we have taken on the various sections of No. 1 ma- 
chine, we now find our speed variations to be within 
0.05%. Our speed variations have been cut in half, 
and the time of response of the control to sudden 
load changes has been decreased many times. 
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This conversion to electronics has not been without 
its difficulties. Our No. 5 machine, I believe was one 
of the first all-electronically controlled machines put 
out after the war. We had our share of control prob- 
lems that had to be solved and after that we had still 
another problem. Mr. Lynch pointed out that in order 
for electrification to be a success, maintenance facili- 
ties and personnel must also grow. Soon after No. 5 
went into production, we found that when electronic 
control got into trouble, the lost time was usually very 
high. Those men who were experts on the selsyn con- 
trol were lost in electronics. We had a class for the 
operating electricians under way at the time to teach 
basic electronic theory and then how to apply it to the 
particular circuits in the paper machine control. These 
classes were successful enough but there was still 
lacking that knowledge one gets from being in trouble 
and then solving the problem. Some time was lost by 
assuming that the particular difficulty was electronic 
trouble and by going through an amplifier looking for 
it when it was not there. In general, it was a new type 
of control and the men were afraid of it. We actually 
had a comparatively small amount of trouble in the 
electronic circuits. 


When No. 1 machine was converted, there was no 
high period of lost time due to electrical trouble. The 
electrical department had become used to electronics. 
They knew how to recognize the troubles and how to 
get out of them. We have progressed and are now 
accepting and taking for granted the equipment that 
two years ago was considered by many as experimental 
in this field. It must have been this way during many 
periods in those fifty years that Mr. Lynch has de- 
scribed. Those things that were acceptable were re- 
tained, and those things that were not practical are 
mainly forgotten. 


In order for electronics to take its place in industry, 
its application must be made intelligently. If mag- 
netic control can do the job just as well as electronic 
control, it is not easy to justify electronics. At present, 
its applications must be made only where very accu- 
rate control of speed or timing will bring about a defi- 
nite improvement in quantity or quality of production. 
Electronic control, by the very nature of its ability 
to be very fast and accurate, is most susceptible to 
trouble. More thought must be given to its installa- 
tion and care. If it is a correct application, all will be 
well worth while. There will always be borderline cases 
where it will be difficult to determine whether to apply 
electronics but it now seems certain that electronics 
has established itself in the control of sectional paper 
machine drives. Application of electronics through- 
out the entire paper mill and the bag factory seem to 
indicate that it has established itself in the industry 
and is now a part of any electrification program. 

I have added these few remarks after Mr. Lynch’s 
very complete report to indicate the experience we 
have had at Union Bag in one important application of 
electronics, and how a correct application of equip- 
ment and a capable group of maintenance men has led 
to the acceptance and extension of a comparatively 
new type of control. 
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Conversion of Mannogalactan Mucilages in Aqueous Borax 
Solutions for Use as Tub-sizing and Coating Adhesives 


JOHN W. SWANSON 


The effect of borax upon guar and locust bean gum for 
their conversion into suitable papermaking materials was 
investigated. Several of the converted products were evalu- 
ated as tub-sizing and clay-coating adhesives in laboratory 
and mill scale trial with encouraging results. 


MANNOGALACTAN mucilages, such as guar and 
locust bean gum, possess outstanding adhesive proper- 
ties for papermaking purposes when added to the 
stock prior to the formation of the sheet. It seemed 
reasonable to assume that such materials might also 
prove to be superior adhesives for tub-sizing and coat- 
ing purposes. However, the natural products possess 
a very high viscosity which makes. it necessary to 
convert or partially degrade them to a suitable vis- 
cosity before they can be used. Several satisfactory 
methods of doing this have been investigated but this 
report will be concerned only with the sodium hypo- 
chlorite oxidation of these mucilages. 

During the early stages of the work, the matter of 
a suitable medium in which to carry out the conver- 
sion reaction became somewhat of a problem. Man- 
nogalactans hydrate and dissolve readily in water, 
thereby making it difficult and expensive to isolate 
the converted products. Alcohols and other organic 
materials in which the products are not appreciably 
soluble are expensive and often unsuitable because of 
reaction with the converting agent. Attempts were 
made to use tertiary alcohols and carbon tetrachloride 
but these did not provide uniform reaction media and 
gave products of very poor color. Later it was found 
that an aqueous borax solution provided a suitable 
conversion medium. This procedure is an application 
of the property of mannogalactans to form a water- 
insoluble gel in the presence of borax. In this case, 
the small particles of mucilage do not dissolve because 
each particle is presumably surrounded with a layer 
of the borax gel, thereby preventing the penetration 
of a sufficient amount of water to disperse the mucilage. 
Following the conversion reaction, the mucilage may 
be filtered off, washed with dilute borax solution, and 
dried. This gives a fine white product having a much 
lower viscosity than the original product. 


EFFECT OF CONCENTRATION OF BORAX 


One of the first factors investigated was the per- 
missible range of borax concentration which could be 
employed from the standpoints of mucilage hydration 
and solubility. This was done by suspending 5 grams 
(4.22 grams oven-dry ash-free product) of locust bean 
gum in 100 ml. of the desired concentration of borax 
solution. The degree of swelling in milliliters was 
observed after standing 24 hours. The gums were 
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then filtered off and yields determined. The data 
are presented in Table I and are plotted in Fig. 1. 

The ash content increased steadily with borax con- 
centration, whereas the degree of hydration or swelling 
was greatest in the lower concentrations of borax and 
seemed to approach an almost constant value at borax 
concentrations of 2.0 to 3.5%. The yield of recovered 
mannogalactan was approximately constant (86%) 
down to 0.3% borax concentration, below which a 
significantly greater amount was lost through solubil- 
ity. About 6 to 7% of the raw material is protein 
which is soluble in the alkaline medium. 


PRELIMINARY CONVERSIONS OF LOCUST BEAN AND 
GUAR GUMS 

Seventeen grams of borax (Na2B,0;(10H2O)) were 
dissolved in 500 ml. of water and 50 grams of the gum 
were added with stirring. Then sufficient sodium hy- 
pochlorite solution was added to provide 11 to 12% 
of available chlorine on the weight of gum. The reac- 
tion was allowed to proceed with continuous stirring. 
Usually a 6° rise in temperature was noted. At the 
desired time, the mixture was filtered on a Buchner 
funnel, washed with a small amount of borax solution, 
and air dried. Variations in this procedure are noted 
in Table Il. The consumption of chlorine was fol- 
lowed by filtering a small sample of the liquid through 
a fritted glass crucible_and titrating the available 
chlorine with potassium iodide and sodium thiosulphate 
in the usual manner. These data are given in Table 
ie 


Table I. Summary of Properties of Locust Bean Gum 
Treated With Various Concentrations of Borax Solution 
; Volume - 
of Yield 
Concn. Hydrated Yield Ash Oven-dry of 
of Gum of (oven-dry ash-free Mannoga- 
Boraz, after product, basis), 20, yield, lactan, 
% 24 hr. gram % Go gram ‘0 
3.4 Ou 4.7 0 88 16.8 3.64 86.3 
BAP Sirf 4.4 6.82 11.8 3.58 84.8 
2.04 40 4.5 5.44 WO ez Satld 89.1 
1.36 40 4.3 4,21 10.4 3.68 87.2 
0.68 47 4.2 2.41 8.6 3.74 88.6 
0.34 54 4.1 1) 9.2 3.66 86.8 
0.17 63 3.9 0.84 9.7 3.48 82.5 


i} 
| 


The data of Tables II and ILI are typical of a larger 
number of conversions made in a similar way. From 
these experiments several important variables were 
noted, some of which are explainable but others of 
which require further investigation. 


EFFECT OF PROTEIN CONTENT ON CONVERSION 
REACTION 


When the hypochlorite and gum were mixed, a very 
rapid initial reaction occurred during which a con- 
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Table II. Summary of Converting Conditions and Properties of Several Converted Locust Bean and Guar Gums 


Borax in Available Approximate Time of Yield Relative 
: F oR ion, Ash, h- i osity 
Samiie WAL oS oe nace oe % monday '% 1%, 80°C. Remarks 
Locust bean gum 
1 ons 12 12 4 10.3 82.8 261.1. 9 Se ake see aes 
2 2.8 12 12 16 1H 2 80.8 992.1 | Se ee eee 
3 2.8 12 12 54 9.9 83.5 132.3% | Tew Re eee ee 
4 iL 12 12 54 9.6 82.8 5.0- wo lose eee 
5 eel 12 12 72 8.7 82.5 5.2 ee ee 
6 Les 11 14 5.5 11.2 io 3.9 edium a 
(i iad 11 aad 2.0 8.9 79.6 6.8 Buffered at pH 7.7 
8 ou 22 12 6.0 7.4 e er Two-stage oxidation 
9 1en7 11 12 ys) 6.3 15) 7 Had previous alkaline 
; extraction 
Guar 
10G4-2 hil? 12 12 43 ono) one 9.26) (pe coy eee Lorn 
11G4-2 iL tars 22 12 Ba) 4.5 = PASH Two-stage oxidation 


@ This was the amount of available chlorine added at the beginning of the reaction. 


siderable quantity of gas was liberated. Examination 
revealed that this gas was principally nitrogen, indi- 
cating that a large part of the oxidant was consumed 
by protein rather than by mucilage. It was shown 
that about 80% of the available chlorine was consumed 
during the first half hour of the reaction; the re- 
maining 20% was consumed at a slower rate. Several 
experiments were made to determine the possible in- 
fluence of the nitrogen or protein content of the muci- 
lage on the chlorine consumption. Two two-stage 
conversions were made, one with locust bean gum 
and the other with guar G4-2. The conversions were 
started with 11% of available chlorine (as sodium 
hypochlorite) and after 105 minutes an additional 
11% of chlorine was added. The rate of chlorine 


consumption was determined by titration of the avail- 
able chlorine at various intervals. These experiments 
were followed by converting the same gums which had 
first been extracted with a solution of borax and sodium 
carbonate to remove some of the protein. The data 
are given in Tables II and III and are plotted in Fig. 2. 

The curves of Fig. 2 indicate that the conversion 
reaction is quite dependent upon the amount of pro- 
tein present in the raw mucilage. It required con- 
siderably less chlorine to change the rate of oxidation 
of locust bean gum than to change that for the guar 
G4-2 which had a somewhat higher protein content 
and considerable seed coat material. When the raw 
gums were previously extracted with alkali to remove 
some of the protein, a much different curve resulted. 


Table III. Comparative Data on the Rate of Chlorine Consumption under Various Experimental Conditions 
‘ Total available Chlorine Total available Chlorine 
Conversion chlorine present, consumed, Conversion chlorine present, consumed, 
time, min. gram % time, min. gram % 


Guar No. 11, not alkaline extracted 
Nitrogen = 1.16% 
Reaction at pH 12 


0 5.50 0.0 
15 0.75 86.4 
45 0.63 88.6 
90 On53 90.5 

105 (added more 6.03 0.0 
NaOCl) 
110 1.62 Worl 
115 1.42 76.4 
135 0.90 85.2 
150 0.78 87.1 
180 0.68 88.8 
Guar No. 12, alkaline extracted 
Nitrogen = 0.37% 
Reaction at pH 12 

0 5.5 0.0 
20 2.8 49.1 
60 2°43 55.8 

180 eect 67.8 
330 1.28 on 
390 iL, dda 79.8 
Guar No. 14, alkaline extracted 
Reaction at pH 12 

0 B.S 0.0 
15 2.67 51.4 
60 2.01 63.4 

100 ia 71.8 
180 1 Be 77.8 
300 O57 89.8 
360 0.40 92.8 


Locust bean gum No. 8, not alkaline extracted 
Nitrogen = 1.07% 
Reaction at pH 12 
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0 5.6 0.0 
5 AeA 62.5 
25 1.05 81.3 
60 0.75 86.6 
95 0.65 88.5 
105 (added more 6.10 0.0 
NaOCl) 
115 5.14 a3 7 
120 5.00 18.0 
135 4.60 24.6 
190 4.11 32.6 
360 2.70 55.8 
Locust bean gum No. 9, alkaline extracted 
Nitrogen = 0.56% 
Reaction at pH 12 
0 5.55 0.0 
10 3.62 34.8 
20 3.04 45 .2 
45 2.60 53.2 
120 2.08 62.5 
330 1.50 73.0 
: Locust bean gum No. 7, alkaline extracted 
Reaction at pH 7.7 
0 5.6 0.0 
3 3.36 40.0 
14 2.28 59.3 
30 1.74 68.9 
60 1.22 78.3 
120 0.84 85.0 
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Table IV. Tub-Size Characteristics of Several Locust Bean and Guar Gum Products Converted in a Borax Medium 


(100% Rag Stock) 


Tub-size 
Relative conditions Basis weight Bursting Increase Gurley Elmendorf tear 
viscosity at solids at (17 22— 6500), strength, rst, r it A ; 
Gum They 30°C. SOLCTET, ee lb. pt./100 Ib. a ae In oe Be In : ee 

Average blank saa can 18.7 160 ie 217 57 225 92 102 
LBG- 132.0 1.0 19.2 208 30.0 395 83 230 98 110 
LBG 0.2 ta@) 19.6 196 22.5 290 80 197 95 116 
5.2 3.5 19.5 233 45.6 526 142 332 92 105 

LBG U5). 77 LA@ 19.0 215 34.4 354 88 207 92 103 
LBG 23.8 10 tO 204 27.5 366 88 221 90 101 
LBG 6.8 LO 19.0 209 30.6 413 93 193 94 106 
Guar G44 6.8 1.0 19.0 203 26.9 290 76 172 90 104 
6.8 2.0 19.0 209 30.6 399 76 196 89 99 

6.8 2.5 19.1 215 34.4 401 102 216 87 98 

Guar G44 ond 1.0 18.7 195 21.9 264 75 162 87 97 
Om 2.0 18.9 214 33.8 357 102 184 84 94 

Bol 3.5 19.1 227 41.9 488 100 PUY 85 92 

Starch 1 1.63 (22%) 3.0 NG) 203 26.9 379 83 174 92 100 
Starch 2 1.60 (2%) 5.0 ZOE? 205 Pe) Ih 429 122 249 97 107 


2 Locust bean gum. 


It is believed that the reaction of sodium hypochlorite 
with protein is much more rapid than that with the 
mannogalactan. Thus, when the reaction begins, both 
protein and mannogalactan are oxidized but the reac- 
tion with protein is so much more rapid that as long 
as a significant amount of protein remains, the gum, 
relatively speaking, is only slightly attacked. Only 
after the protein has been oxidized does the attack 
occur principally upon the gum itself. Therefore, 
the impurities in the raw gums certainly play a signifi- 


$2 Ash 
2 
60b 
6 . 
£55 
iS 
5 S 
3 = 50) 
= ac 
4 uw 
< fo) 
Ww 4st 
a 
40h 
Hydration 
2 95 
xe 
;90F 35F 
5 Yield 
it 85 
zal il ! at 1 i ie 
eee Oe OMS, seo 02s SO 85 
BORAX CONCENTRATION , % 
Fig. 1. Variation of ash, yield, and degree of hydration 


of locust bean gum at different borax concentrations 


cant role in the conversion and it is advantageous to 
start with as pure a product as possible and to remove 
much of the protein before conversion. 

It was found that extraction of the raw mucilage 
for 0.5 hour with a solution 2% in borax and 0.5% 
in anhydrous sodium carbonate at 45 to 50°C. gave a 


product much lower in protein and which still filtered 
quite rapidly. This method removes about 60% of 
the protein present. It is apparently impossible to 
remove all the nitrogen-containing material from the 
crude gum by alkaline extraction. On the other hand, 
it is possible that a certain amount of residual protein 


(2) 
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CHLORINE CONSUMED, percentage of total 


online n n es) (a ed 
ie) 20 40 60 80 100 120 140 160 180 


TIME , min. 


Consumption of chlorine by locust bean gum and 
guar at various nitrogen contents 


1. LBG No. 8 (Nitrogen = 1.07%) ; 2. Guar No. 11 (Nitrogen 
— 1.16%) ; 3. LBG No. 9 (Nitrogen = 0.56%) ; and 4. Guar No. 
12 (Nitrogen = 0.87%). 


Fig. 2. 


may be desirable during the conversion to offset the 
strongly degradative effects which are present during 
the first part of the reaction when the hypochlorite 
is more concentrated. However, the lower the protein 
content prior to conversion, the less chlorine will be 
required to convert the mannogalactan polymer to a 
desirable viscosity. Interestingly enough, even the 
converted products contain appreciable amounts of 
nitrogen (0.1 to 0.2%). This may or may not be pro- 
teinaceous in character. 


GENERAL EFFECT OF ALKALI CONCENTRATION 
AND pH 
Several conversions of both guar and locust bean 


Table V. Data on the Commercial Mill Scale Trial of Converted Guar Mucilage 
(50% Rag Bond Stock) 


; : : El dorf tear, Gurley 
GES sna crengi, eee MIT fold UR ere Valley porosity, 
Tub-size material 1b. pt./100 1b. % In Across n Across size, sec. sec./100 cc. 
; ‘ ily 59 
Machine sheet 16.4 120 ws 39 16 51 56 
Starch at 8% IiGine 169 40.8 165 46 49 52 i: eS 
Converted guar at 1.5% 16.5 159 32.9 101 a2 ae ae ” - 
Converted guar at 1.0% 16.2 154 28.3 76 
Nore: All sheets conditioned at 50% R.H. and 73°F. 
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Table VI. Data on Clay Coatings Made with Converted Guar Adhesive 


ee Adhesive Solids 


K and N ink absorption, average reflectance, % 


Type of adhesive os ge ais ee oe Pe caenihe Ro original Ro inked Difference 
ae Tae 43.5 32.0 
10 25 3A 75 3) : 

on oa 12 25 5A 75.0 44.1 oe 
Coe 13 30 a ‘ ‘ 
ae, ae 18 40 4A 80.1 36.6 = 2 
Starch 2255) 40 5A 78.7 39.6 Ae 
Starch? 22 45 5A 70.4 43.5 : 
Casein 12 40 ; 5A ; a4 - a 


4 Machine finished and calendered; all others not calendered. 


gum were carried out at different pH to investigate, in 
a preliminary way, the effect on the speed of the 
reaction. It was found that the oxidation is greatly 
affected by the pH or alkali concentration. Typical 
data are given in Table III where it is evident that, 
at pH 7.7, the reaction rate is many times more rapid 
than at pH 12 and is still more rapid at pH 7.2. Simi- 
lar results were obtained with guar mucilage. As 
the alkali concentration is increased—e.g., 3 N in 
NaOH—the reaction rate again speeds up, although 
it does not approach the speed of pH values in the 
range of 7.5 to 8.5. 

Due care must be exercised during reactions carried 
out at lower pH values. The mannogalactan must, of 
course, remain insoluble in the conversion medium 
and, therefore, the pH must not be too near the neutral 
point because, at pH 7, solubilization begins im- 
mediately. Boric acid has no insolubilizing action on 
the mucilage. Since sodium hypochlorite solutions 
characteristically produce HCl during their reaction, 
the alkalinity decreases and, if insufficient buffer is 
present, the pH will fall rapidly toward the neutral 
point. Therefore, when carrying out oxidations at 
pH values close to the neutral point the mixture must 
be watched very closely and either a strongly buf- 
fered medium must be used or occasional additions of 
alkali must be made. High alkali concentrations, 
insofar as investigated, do not cause an appreciable 
solubilization beyond that occurring at a mildly alka- 
line pH. 

It is probable that the optimum type of conversion 
would be one in which the initial pH is high enough 
so that the final pH would be about 7.5. This would 
enable the first part of the reaction to proceed rapidly 
under alkaline conditions because of the high concen- 
tration of sodium hypochlorite. The latter part of 
the reaction would also proceed rapidly because of 
a low pH and the swelling of the mannogalactan. 
This would give the shortest time of conversion and 
the highest economy of chlorine. Further work of 
a fundamental nature has been carried out on purified 
guar mannogalactan (Haug, A. J., Tappi 32, no. 9: 
410-413 (Sept., 1949). 


EVALUATION AS TUB-SIZING ADHESIVES 


Several of the converted locust bean and guar gums 
were used as tub-size adhesives on the laboratory scale, 
employing a 100% rag stock. The tub-size solutions 
were prepared by cooking the converted gums in water 
containing enough acid to bring the pH to about 5.5. 
Low concentrations of tub-sizing solution were used 
for two reasons—(a) some of the products were too 
viscous to be used at higher concentrations and (b) 
outstanding adhesive characteristics are more evident. 


80 


The data presented in Table IV indicate that these 
converted gums are outstanding tub-size adhesives. 

Since the laboratory trials of converted guar gum 
indicated good properties, it was decided that a mill 
trial should be made. A number of 6-pound batches 
of guar G44 gum were extracted with alkali and con- 
verted with sodium hypochlorite in a manner similar 
to the smaller batches. About 40 pounds of the product 
were prepared. Trials of a composite sample in the 
laboratory as a tub size indicated that the product 
was equal in adhesive properties to the smaller batches. 

The converted guar was evaluated under mill con- 
ditions, using a 16-pound, 50% rag bond stock. It 
was found that the sheet was not strong enough to be 
used with the converted mucilage at 3% concentration 
and it was necessary to dilute to 1.5 and 1% for 
the actual run. This was disappointing inasmuch as 
the mucilage could not be evaluated under the opti- 
mum conditions. An 8% starch tub-sizing solution 
was run on the same sheet for comparison. The ma- 
chine speed was about 175 f.p.m. and the temperature 
in the tub was 125°F. 

A wet sample was removed after the press and 
weighed before and after drying. From these data 
it was found that the starch tub-sized sheet picked up 
about 4.3% starch; the converted guar at 1.5% picked 
up 0.72% mucilage and at 1.0%, 0.48% mucilage. 
The data on the tub-sized sheets are presented in Table 
We 

The data obtained with the 1.5% solution show 
the interesting possibilities of converted guar as a 
tub size. It is believed that a 2.5 to 3.0% solution 
of the mucilage would have equaled or bettered the 
8% solution of starch in strength properties. A 
slightly greater degree of conversion of the mucilage 
will make this possible. 


LABORATORY EXPERIMENTS AS A CLAY-COATING 
ADHESIVE 

Several converted products were tegted as clay- 
coating adhesives and compared with starch. The 
data are presented in Table VI. 

The experiments were made at a relatively low 
coating solids concentration because the mucilages 
were only moderately converted and possessed vis- 
cosities too high for coating at higher solids. The re- 
sults are encouraging, however, because 12% of the 
converted mucilage adequately bound the pigment to 
the sheet, thereby equaling in this property the same 
amount of casein. : 

The coatings containin$ mucilage appear to be 
somewhat less receptive to printing ink than com- 
parable starch coatings. Further work may result 
im an Improvement in this property. 
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The converted products contain sufficient borax 
(boric acid when cooked) to cause a serious vis- 
cosity increase in the coating color if the pH is per- 
mitted to go to the alkaline side. This should be 
avoided. However, after the coating mixture has 
been applied to the sheet, the coating may be made 
temporarily water insoluble by the addition of a weak 
alkali which forms the borax gel-mucilage complex. 


At the present time converted gums of the manno- 
galactan type are not commercially available. This is 
due, primarily, to the limited amounts and relatively 
high price of raw material. However, it is to be ex- 
pected that, as soon as this situation becomes more 
favorable, these converted gums will become interest- 
ing commercial products for the paper and allied in- 
dustries. 


Recetvep Feb. 14, 1949. 


Further Studies on the Lethal Effect of Drier Roll 
Temperature upon Bacteria in Paperboard 


B. F. SHEMA 


It has been shown that a heat-resistant strain of Escheri- 
chia coli (Frank) is killed in paperboard during the drying 
process. The experimental data collected show that the 
heat of the drier rolls is sufficient to kill all the coliform 
bacteria present, regardless of their position in the sheet. 
The total bacterial count of the wet web was reduced by 
94.3%. 


THE SIGNIFICANCE of bacterial count as an index 
of the sanitary quality of paper, especially that which 
is destined for use in the food packaging industry, has 
been a controversial issue for the past decade. Dur- 
ing this period several attempts have been made to 
introduce a bacteriological standard which would apply 
directly to those paper products which come in con- 
_tact with dairy foods—such as milk, cream, butter, ice 
cream, cottage cheese, and cheese. As a result of 
these proposals, a bacteriological standard was ac- 
cepted by several food control groups. This stand- 
ard stated that paper or paperboard which is destined 
for use in the packaging of food, especially milk, shall 
have a bacterial count of not more than 250 colonies per 
gram of disintegrated fiber. These standards were 
proposed and accepted, apparently, without considera- 
tion of the number, type, or the sanitary significance of 
the organisms that were present. 

It is common knowledge that many of the proce- 
dures used in the manufacture of pulp and paper are 
lethal to bacteria. These processes are especially 
germicidal to microorganisms which are significant in 
the field of public health. In the manufacture of 
chemical pulp, the wood chips are cooked in either 
strong acid or alkali. The minimum temperatures 
attained during a normal cook are 140 to 145°C., and 
these temperatures are maintained for at least four to 
five hours, which is certainly a sufficient time to kill 
all living microorganisms. However, when pulp is 
manufactured mechanically, extremely high tem- 
peratures are not attained but temperatures which 
are lethal to pathogenic organisms are maintained. 
Thus, the bacteria surviving this grinding operation 
are either the heat-resistant and/or the spore-bearing 
types.. At the present time, a considerable portion of 


B. F. SHema, Member TAPPI; Research Assistant, The Institute of Paper 
Chemistry, Appleton, Wis. 
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the chemically and mechanically produced pulp is 
bleached with either chlorine or hydrogen peroxide. 
It is not necessary to elaborate upon the disinfecting 
power of either of these two effective bleaching agents. 
In a study of the lethal effect of bleach liquor on the 
bacterial content of sulphite pulp, it was found that 
very small additions of chlorine considerably reduced 
the number of viable bacteria (1). However, it was dem- 
onstrated that at least one species, Bacillus luteus, a 
nonpathogenic aerobic spore-bearing type, could sur- 
vive the bleaching operation. 

After the wood pulp is prepared, the fibers are sus- 
pended in large volumes of water. This fresh or re- 
circulated water is the vehicle which transports this 
fiber to and through the various processes in the manu- 
facture of paper. This transporting medium contains 
viable microorganisms. These fungi and bacteria are 
nonpathogenic types, consisting chiefly of the following 
species: Aerobacter aerogenes, Bacillus megatherium, 
Bacillus mycoides, Bacillus subtilis, Bacillus pepto- 
genes, Achromobacter species, etc. Fungi in varying 
numbers are almost always present, including various 
members of the Saprolegneous group, Aspergillus sp., 
Penicillium sp., Mucor sp., Monilia sp., Ordium; repre- 
sentatives of many other genera can be isolated. These 
fungi and bacteria are common not only to the pulp 
and paper industry but they are present also in varying 
numbers upon or within the various perishable foods 
that comprise our daily diet. Because of the nature of 
pulp preparation, it is impossible to avoid completely 
the introduction of some of the air-borne microorgan- 
isms into the pulp, especially during the process of pulp 
preparation. 

In the formation of a sheet of paper, the pulp is either 
picked up by a woolen felt or formed upon a wire cloth. 
In either case, the fiber is freed of excess water and 
formed into a fibrous mat. This wet mat (66% water) 
is passed over a series of steam-heated drier rolls. The 
lethal effect of these drier rolls upon bacteria has been 
adequately demonstrated by several workers (2, 3, 4). 
However, in these experiments, the test organisms were 
sprayed upon the surface of the sheet and their sur- 
vival determined. These studies demonstrated con- 
clusively that only nonpathogenic spore-bearing bac- 
teria survive. 


81 


This present investigation is concerned chiefly with 
the determination of the lethal effect of the drier rolls 
upon a heat-resistant strain of Escherichia coli (Frank 
strain) when it is present in the board rather than when 
it is found upon the surface of the sheet. 


EXPERIMENTAL PROCEDURE 


A six-cylinder board machine was selected for this 
study. This particular machine produced a paper- 
board, the furnish of which was composed of all grades 
of waste paper. This type of mill, the type of machine, 
and the source of raw stock were selected for two 
reasons: first, this type of furnish has the greatest 
number and a very diversified microflora and, second, 
it has the greatest protective effect upon bacteria, es- 
pecially those which are important in public health. 


hours. The wet and dry samples were plated in the 
manner prescribed for the bacteriological examination 
of paper and paperboard (4). The number of coliform 
bacteria was determined by plating out 0.1 gram of the 
disintegrated fiber in Violet red bile agar. A 0.1- 
eram sample of the disintegrated fiber was also placed 
into a tube of Brilliant green bile and into a tube of 
formate ricinoleate broth. The experimental results 
have shown that more consistent results were obtained 
with the formate ricinoleate broth than with the use of 
Brilliant green bile, because the latter medium gave 
many false positives. In any event, when a tube of + 
broth was positive, it was confirmed by streaking a 
culture upon the surface of either Endo’s or Levine’s 
eosin Methylene blue agar. 

During the course of this investigation, the tempera- 


Table I. Average Bacterial Content of the Wet Web and the Finished Paper for 0.016-Caliper Board 


Average bacterial count, number colonies per gram 


ee Wick Web® ~Paperboard b— 

Sample Total count ae Coliform Total Count Kull, & Coliform Kill, % 
Uninoculated control 236,800,000 215,000 382,000 98.4 0 100 
E. coli inoculated after vat 1 193,000,000 1,196,000 404,000 97.9 0 100 
E. coli inoculated after vat 2 231,000,000 810,000 373,000 98 .4 0) 100 
£. coli inoculated after vat 3 224,600,000 1,338,000 216,000 997.0 0 100 
E. coli inoculated after vat 4 222,200,000 632,000 432,000 98.1 0 100 
E. coli inoculated after vat 5 242,600,000 485,200 466,000 98.0 0 100 
E. coli inoculated after vat 6 252,600,000 680,000 450,000 98 .2 0 109 

2 33% fiber. 
b 97% fiber. 


In this study, the wet web was inoculated immedi- 
ately after the felt picked up the fiber from the cylinder 
mold. Thus, in this manner, it was possible to inoculate 
the various layers of the board immediately after they 
were formed. The concentrated suspension of the heat- 
resistant strain of Escherichia coli was sprayed uni- 
formly on the wet web with a Tornado electric sprayer. 
A long, relatively narrow strip was sprayed with the 
bacterial suspension. A portion of this marked strip 
was sampled at the wet end of the machine and another 
sample was obtained at the dry end of the machine. 
The wet sample was collected just before the wet web 
entered the press section. Preliminary experimental 
data showed that the press section did not exert a 
marked effect upon the bacterial content of this type of 
paperboard. A sample of a comparable sprayed area 
was obtained after the board passed through the drier 
section, but before the board entered the calender. 
This procedure was followed for each of the six cylinder 
molds. A control was included for each of the experi- 
mental runs. 

In this study, the survival of Escherichia coli was de- 
termined in boards of three different caliper—namely, 
0.016, 0.023, and 0.030 inch. Each experimental trial 
for the three different board weights was replicated four 
times. The replicates were run on separate days, and 
were not necessarily in consecutive order. 

The wet web samples were collected with sterile for- 
ceps and placed in sterile sample bottles. The dry 
paperboard was cut and aseptically placed into a sterile 
kraft envelope. In this manner, the samples were 
transported to the laboratory for analysis of total bac- 
terial count and the number of coliform bacteria. The 
elapsed time from the actual collection of the sample 
and the plating out of the sample never exceeded 1.5 
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ture of the drier rolls and the temperature of the surface 
of the sheet were determined as the paper passed 
through the bank of 80 drier rolls. The temperature 
of the drier rolls did not vary appreciably, even though 
a different thickness of board was passing over them. 
In general, however, the temperature of the first drier 
roll was somewhat lower than that of the last drier roll. 
The extreme variation in temperature for the 80 drier 
rolls never exceeded 50°F. The temperature upon the 
surface of the sheet was relatively low (90°F.) during 
the first stages of drying because of the rapid loss of 
water. However, this rapid cooling of the drier rolls 
was overcome after the paperboard passed over the 
sixth drier roll. At this point the temperature of the 
surface of the sheet was at least 120° F. and increased to 
190 to 200°F. as the paperboard passed over the eight- 
ieth drier roll. The temperatures of the drier rolls and 
the temperature of the surface of the sheet were ob- 
tained by the use of a hand model Alnor Tyrocon pyrom- 
eter. The pressure of the steam which furnished the 
heat to the drier rolls was relatively uniform for all 
calipers studied. The normal range of this steam pres- 
sure was 15.5 to 16 p.s.i. The drying time did not vary 
appreciably during the production of a board of any one 
caliper. The average drying time for the 0.016-caliper 
board was 3 minutes and 45 seconds; for the 0.023- 
caliper board, 5 minutes and 20 seconds, and for the 
0.030-caliper board, 6 minutes and 2 seconds. Under 
these conditions of drying, the board is held at a higher 
temperature for a longer period of time than those 
which are recommended for the complete pasteuriza- 
tion of milk. 


DISCUSSION AND EXPERIMENTAL RESULTS 
The sterilizing effect of the drier rolls is generally at- 
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tributed to the action of moist heat upon bacteria. It 
has been shown that only the spore-bearing bacteria 
survive in the finished paper. The experimental results 
show that the heat-resistant strain of E. coli does not 
survive the lethal effect of the drier rolls. The data 
presented in Tables I, II, and III give the total bac- 
terial count and the number of coliform bacteria in the 
wet web and in the finished paperboard. 

The data for the 0.016-caliper board are presented in 
Table I. From these data it is evident that the initial 


effective when 0.023-caliper board was manufactured. 
On a percentage basis, the total bacterial content was 
reduced by 93.7% and, again, all the coliform bacteria 
were killed. 

The data for the 0.030-caliper board are presented 
in Table III. It is again evident that the bacterial 
count of the wet web was very high, as was also the 
number of coliform bacteria. Again, the drier rolls 
killed all the coliform bacteria and reduced the total 
bacterial content by at least 94.9%. 


Table II. Average Bacterial Content of the Wet Web and the Finished Paper for 0.023-Caliper Board 


Average bacterial count, number colonies per gram 


ae ae eee Wet Webe — Paperboard? 
, oO 


Sample Total count Coliform Total Count Kill, % Coliform Kill, % 

Uninoculated control 82,440,000 197,358 508,000 93.8 0 100 
E£. colt inoculated after vat 1 98,660,000 507,200 602,500 93.8 0 100 
E. coli inoculated after vat 2 76,200,000 573,500 582,000 92.4 0 100 
£. coli inoculated after vat 3 83,580,000 856,600 576,000 93.2 0 100 
£. coli inoculated after vat 4 84,780,000 1,256,000 624,000 92.7 0 100 
E. coli inoculated after vat 5 ’ 89,520,000 499,034 391,600 95.7 0 100 
E. coli inoculated after vat 6 96,460,000 374,400 550,000 94.3 0 100 

@ 33% fiber. 

b 97% fiber. 


bacterial content of the stock was very high. The total 
bacterial count of the wet web was generally in the 
hundreds of millions of bacteria per gram, whereas the 
number of coliform bacteria were considerably less, 
even when the organism was sprayed upon the wet web. 
The coliform count for the wet web ranged from 215,000 
colonies per gram for the control to 1,338,000 colonies 
per gram for one of the inoculated samples. In general, 


The data presented in this report show that coliform 
bacteria do not survive the lethal effect of drier roll 
temperature. The data demonstrate, further, that the 
position of these bacteria in the sheet is not important— 
that is, #. cold is killed whether it is on the surface or in 
the center of the board. If coliform bacteria in and on 
the sheet are killed on the driers, it follows that other 
bacteria of public health significance would also be de- 


Table III. Average Bacterial Content of the Wet Web and the Finished Paper for 0.030-Caliper Board 


—— 


: Average bacterial count, number colonies per gram 
——Wet Web¢?———_—___.. 


Paperboard b 


Sample Total count Coliform Total count Kull, % Coliform Kill, % 
Uninoculated control 275,000,000 254,400 1,379,000 95.0 0 100 
E. coli inoculated after vat 1 231,600,000 641,000 1,413,000 93 .9 0 100 
E. coli inoculated after vat 2 228,500,000 1,124,500 1,449,000 93.7 0 100 
E. coli inoculated after vat 3 235,600,000 1,588,000 1,106,000 95.3 0 100 
E. coli inoculated after vat 4 235,400,000 4,577,000 1,015,000 95.7 0 100 
E. coli inoculated after vat 5 238,600,000 1,218,000 1,102,000 95.4 0 100 
E. coli inoculated after vat 6 254,000,000 720,000 1,162,000 95.4 0 100 


* 33% moisture. 
697% moisture. 


the inoculated samples had a much higher coliform 
count than the uninoculated control. The data show 
that great numbers of bacteria were killed during the 
drying process. Bacterial counts which were in the 
hundreds of millions in the wet web were reduced to 
hundreds of thousands in the finished paper, a kill of at 
least 98%. In the case of the coliform bacteria, all were 
killed during the drying process. The average kill for 
all species of bacteria was 98.3% for the 0.016-caliper 
board. 

The data for the 0.023-caliper board are presented in 
Table II. The bacterial content of the wet web for this 
board was considerably lower than for either the 0.016- 
or 0.030-caliper board. However, the number of bac- 
teria surviving the drier rolls is about the same. There- 
fore, it can be concluded that about the same number 
of spore-bearing bacteria were present in this board as 
were present in either the 0.016- or 0.030-caliper board. 
Because of this rather consistent number of spore- 
bearing bacteria and the lower bacterial count of the 
wet web, it would appear that the drier rolls were not as 
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stroyed. The bacteria that remain would be nonpatho- 
genic spore-forming varieties. 
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The Hydrolysis of Sodium Sulphide in Mixtures with 
Sodium Hydroxide 


GEORGE E. MARTIN 


A quantitative method has been developed for determining 
the hydrolysis of sodium sulphide in mixtures with sodium 
hydroxide over the ranges of concentration and tempera- 
ture encountered in sulphate pulping. The method is 
based upon the quantitative solubility of mercuric sulphide 
in sodium sulphide and its insolubility in sodium hydro- 
sulphide, sodium hydroxide, and water. This method indi- 
cated that the sodium sulphide was about 40% hydrolyzed 
at the beginning of a typical sulphate cook and about 
90% hydrolyzed at the end. The concentration of sodium 
hydroxide in the cooking liquor appeared to be the domi- 
nant factor in determining the degree of hydrolysis of the 
sodium sulphide; temperature and sodium sulphide con- 
centration exerted only a minor influence. The deter- 
mination of hydrolysis by conductance measurements, pH 
measurements and, indirectly, by calculation from acidic 
ionization constants gave only approximate results. These 
methods had serious limitations as to concentration and/or 
temperature, although the order of magnitude of the 
hydrolysis results obtained at 25°C. was such as to lend 
additional support to the validity of the mercuric sulphide 
method. 


Our PRESENT knowledge of the chemical reac- 
tions occuring in a sulphate cook is far from complete. 
The heterogeneity of these reactions is one of the 
greatest obstacles preventing their exact definition, but 
another factor is the lack of information concerning 
the state of the simple inorganic compounds in the 
liquor under the conditions of the reaction. 

Perhaps the most important consideration in an in- 
terpretation of sulphate cooking is the explanation of 
the role played by the sodium sulphide. Upon hydrol- 
ysis, this salt forms sodium hydroxide and sodium 
hydrosulphide: 


NaS + HOH — NaOH + NaHS 


In order to explain the pulping action of sodium 
sulphide, some estimation must be made as to the 
extent of this hydrolysis. The sodium hydrosulphide 
and the sodium hydroxide formed by the hydrolysis 
are important participants in the delignification of 
wood. 

It was desired to determine quantitatively the posi- 
tion of this hydrolysis equilibrium for the range of 
conditions normally encountered in sulphate pulping. 
This information, coupled with analytical data on 
the sodium hydroxide and total sulphide contents of 
the liquor at various points during the cook, would 
make available the total concentrations of sodium 
hydroxide, sodium hydrosulphide, and unhydrolyzed 
sodium sulphide existing in a sulphate cooking liquor 
throughout a normal sulphate cook. 


Grorck EB. Martin, Mosinee Paper Mills Co., Mosinee, Wis. 
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There is also considerable sodium carbonate in a 
typical sulphate cooking liquor; it undergoes a similar 
hydrolysis to sodium hydroxide and sodium bicarbon- 
ate. Some work was done on the carbonate hydrolysis, 
although sodium carbonate is generally recognized to 
be a very poor pulping agent and of minor importance 
in a sulphate cook. ' 


DETERMINATION OF HYDROLYSIS BY CONDUCTANCE 
MEASUREMENTS AND BY pH MEASUREMENTS 

The determination of hydrolysis by conductivity 
measurements appeared to be a very promising method 
for this study since, with relatively simple apparatus, 
conductance readings have been made at temperatures 
far in excess of those encountered in sulphate pulp- 
ing. The conductance of sodium hydroxide is much 
greater than that of an equal concentration of either 
sodium sulphide or sodium carbonate. The basis of 
the conductance method for determining these hy- 
drolyses is the increase in the conductivity of the 
solution that results when the salt hydrolyzes to form 
sodium hydroxide and either sodium hydrosulphide 
or sodium bicarbonate. 

The determination of hydroxyl ion concentration 
through the measurement of the pH of the solution 
is a conventional method for determining the position 
of a hydrolytic equilibrium in which a strong base 
appears as one of the products. From the hydrogen 
ion concentration, the concentration of hydroxyl ion 
may be calculated, and the concentration of sodium 
hydroxide formed by hydrolysis is equal to that of 
the sodium hydrosulphide formed. 

It is also possible to calculate the extent of the 
hydrolysis from K,,, the ion product constant of water, 
and K,, the ionization constant of the acid of the salt, 
since the hydrolysis constant (K;) is eqaul to K,,/K,. 
Values for K,, and K, are available in the literature. 

Table I presents hydrolysis values for sodium sul- 


Table I. Hydrolysis of Sodium Sulphide (25°C.) 
Hydrolysis = 
: rom ; ydrolysis Hydrolysis 
Mol duct - / : 
of NaS ance, 96 of Mus pH. Spee ee ee 
0.0063 73.8 0.0050 62 0.0062 92 
0.0126 81.8 0.0100 63 0.0123 87 
0.0253 80.3 0.0250 63 0.0246 80 
0.0505 79.3 0.0500 72 0.0493 69 
0.1010 79.2 0.1000 76 0.0985 58 
0.202 76.3 0.200 79 0.197 45 
0.404 77.7 0.400 38 0.394 35 


phide solutions at 25°C., as determined by the methods 
described above. Values for sodium carbonate solu- 
tions at 25°C. appear in Table II. The degree of 
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hydrolysis was calculated from conductance data ac- 
cording to Schaeffer’s method, as described by Knox 
(1). Schaeffer assumed that the conductance of unhy- 
drolyzed sodium sulphide would be approximately the 
same as that of sodium hydrosulphide of the same 


Table II. Hydrolysis of Sodium Carbonate (25°C.) 


: Hydrolysis Hydrolysis Hydrolysis 
Molarity of rom rom from 

azCOzs conductance, % pH, % Kw/Ka, % 
0.005 pane iil! 16.2 
0.010 58.2 Osi 12.0 
0.025 49.8 3.6 LAD 
0.050 44.3 2.4 d.2 
0.075 Sikes 2.0 4.2 
0.100 30-0 Wee 3.6 
0.200 aoe 3 PA 
0.300 24.9 ee sia 
0.400 aoe Meal LAr 
0.500 19.0 Pik ae 


molarity. The method of Bredig (2) for the cal- 
culation of conductance data was found to be in- 
applicable to the sodium sulphide hydrolysis. Table 
III gives the hydrolysis of sodium sulphide in mixtures 
with sodium hydroxide at 25°C., as determined from 
conductance data. 


Table III. Hydrolysis of Sodium Sulphide in Mixtures 
with Sodium Hydroxide (25°C.) 


Molarity of ——————Molarity of NaOH — 
NazS 0, % 0.1, % 0.2, % 0.4, % 
0.050 80 69 
0.100 78 72 68 ae 
0.200 ae 76 72 69 


Hydrolysis was calculated from pH data according 
to the following equations: 
Kos oe Yu? M_Mo Hn 


ant agt 


dou-= activity of the hydroxyl ion 
@a+ = activity of the hydrogen ion 


Kw = ion product constant for water 

Yw* = ionic activity coefficient product for water 

ma = concentration of hydrogen ion in pure water 

mou = concentration of hydroxyl ion in pure water 
h? (dou -)? 


ch [y(¢) — adou-ly(e) 


h = degree of hydrolysis of the salt 

c = molarity of the salt net 

y = activity coefficient for the salt anion (first dissociation) 

Hydrolysis was calculated from the second ioniza- 
tion constants of carbonic acid and hydrogen sulphide 
from the following equation: 


Kw = y(c)h? 
Ky y2(1 — h) 


where 
Kw = ionization product for water 
Ke = second ionization constant of the acid 
h = degree of hydrolysis of the salt 
c = molarity of the salt 
71 = activity coefficient for the univalent ion of the salt 
y2 — activity coefficient for the bivalent ion of the salt 


Activity data suitable for these calculations are 
difficult to find in the literature, although a very good 
compilation is given by Robinson and Harned (3). 
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An examination of these data indicates that the 
hydrolysis values obtained by the three methods are 
not in agreement and that the data are somewhat 
erratic. 

The established theories relating conductance to 
other properties of the solution, such as temperature 
and concentration, hold strictly only at infinite dilu- 
tion. The application of these theories to the deter- 
mination of hydrolysis at practical concentrations is 
a long and arduous procedure, in which careful con- 
sideration must be given to various effects arising from 
ionic and, in the case of weak electrolytes, molecular 
attraction. 


The determination of hydrolysis through pH meas- 
urements has a limited application. The upper limit 
of measurement is a pH of 13, even when the Beck- 
man Type E electrode (a special electrode for high 
alkalinities made with sodium-free glass) is used. 
The pH of concentrated sodium sulphide solutions is 
in this region, before the addition of any sodium hy- 
droxide. Thus, the method is not applicable to any 
solution with an alkalinity approaching that of a 
sulphate white liquor. A second limitation is that of 
temperature, the upper limit for the Type E electrode 
being 40°C. Finally, the accurate calculation of hy- 
drolysis from pH requires the use of activity data for 
the hydroxyl ion and the ionic activity coefficient 
product for water. 

The calculation of hydrolysis from the ionization 
product for water and the second ionization constant 
of either carbonic acid or hydrogen sulphide is only 
an approximate method. Once again, data on the 
ionic activity coefficient product for water and the 
activities of several of the ions participating in the 
hydrolytic equilibrium are required. In addition, the 
second ionization constants of carbonic acid and hy- 
drogen sulphide are not known with the requisite ac- 
curacy. The method is not applicable to mixtures of 
sodium carbonate or sodium sulphide and sodium hy- 
droxide, since the K;, = K,,/K, relationship does not 
hold under these conditions. No calculations at ele- 
vated temperatures are possible because of the lack 
of the required activity and ionization data. 

In summation, it may be said that the determination 
of hydrolysis by conductance measurements, pH 
measurements and, indirectly, by calculation from 
acidic ionization constants gave only approximate 
results. These methods have serious limitations as 
to concentration and/or temperature, although the 
results obtained at 25°C. indicated that sodium sul- 
phide is a more highly hydrolyzed salt than sodium 
carbonate. 

In the course of the determinations of the degrees 
of hydrolysis of sodium sulphide and sodium carbonate 
by conductance methods, data for conductance vs. 
concentration curves were obtained for the various 
compounds participating in the hydrolytic equilibria. 
These data were taken only for use in hydrolysis 
calculations and, consequently, were not determined 
with the accuracy and precision that is possible when 
the most sensitive equipment is used under rigidly 
standardized conditions. However, since conductance 
data for several of the compounds are not available in 
the literature, some of the values are presented in 
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Table IV. In this work an industrial model conduct- 
ance bridge (Model RC-1 bridge of Industrial Instru- 
ments, Inc., modified to use a 1000-cycle external 
oscillator) was used, temperature was maintained at 
25+0.1°C., conductivity water was employed, and 
ordinary quantitative techniques were used in the 
preparation and handling of the solutions. Equivalent 
conductances at infinite dilution are given, as deter- 
mined from conductances at various concentrations 
according to the methods of Kohlrausch and Shedlov- 


sky. 


Table IV. Equivalent Conductances at Infinite Dilution 
(25°C.) (ohm ‘em.*/equivalent weight) 


Compound Kohlrausch method  Shedlovsky method 
NaOH 234.6 239.2 
NaHCO; (unhydrolyzed) 102.3 102.8 
NaHCO; 165.3 160.4 
1/oNa2COs 130.9 WAR 0 
NaHS (unhydrolyzed) 104.3 106.9 
*/oNacS IGUb oil 138.8 


DETERMINATION OF HYDROLYSIS BY THE MER- 
CURIC SULPHIDE SOLUBILITY METHOD 

The results obtained by the conductance and pH 
methods lacked the desired accuracy, and an exten- 
sive search was made for other methods of measuring 
hydrolytic equilibrium, particularly that of sodium 
sulphide. 

Knox (1), in 1908, published some very interesting 
work on the hydrolysis of sodium sulphide at room 
temperature. He determined the hydrolysis by a 
method based upon the solubility of mercuric sul- 
phide in sodium sulphide and its insolubility in sodium 
hydrosulphide, sodium hydroxide, and water. The 
mercuric sulphide apparently goes into solution by 
forming a soluble complex. Electromotive force meas- 
urements indicate that the complex formed is NagHgS. 
and, thus, that one mole of mercuric sulphide goes 
into solution for every mole of sodium sulphide present 
in the unhydrolyzed form: 


HgS + Nass ——— NaeHeS. 


Solubility is determined after prolonged mixing of 
an excess of mercuric sulphide with the solution in 
question. Finally, the undissolved mercuric sulphide 
is allowed to settle and an aliquot of the clear, super- 
natant liquid is pipetted off and analyzed for mer- 
curic sulphide. 


APPARATUS FOR MDS ons DETERMINATIONS AT 

For the work at 25°C., the solutions under investi- 
gation and an excess of mercuric sulphide were placed 
in 60-ml. glass-stoppered Pyrex bottles which were 
rotated at about 5 r.p.m. in a large water bath. 
Twenty-four hours of mixing were found to be suffi- 
cient for reaching equilibrium. The bottles were then 
allowed to stand in the water bath for at least an 
hour to allow the excess mercuric sulphide to settle. 
A 10-ml. portion of the clear, supernatant liquid was 
then removed for analysis. 


APPARATUS FOR HIGH-TEMPERATURE HYDROLYSIS 
DETERMINATIONS 


For the purpose of determining the position of the 
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sodium sulphide hydrolysis at sulphate cooking tem- 
peratures, equipment was designed and constructed to 
permit investigation of the mercuric sulphide method 
at elevated temperatures. The apparatus in its final 
form is shown in Fig. 1. 


Fig. 1. Apparatus for high-temperature hydrolysis deter- 
minations 


(A) Stainless steel tube, (B) blower motor, (C) blower 
motor speed control, (D) strip heater, (KE) thermoregulator, 
(F) a.c.-d.c. relay, (G) removable cradle, (H) trough, (1) steel 
clip, and (J) counterbalance. 


High-temperature solubility determinations were 
carried out in sealed tubes (A in Fig. 1) bent at the 
center to an angle of about 130°. The tubes were 
made from #/,4-inch stainless-steel tubing with end 
pieces of solid stainless steel, 3/s inch thick, silver- 
soldered to the tubing. One end piece was drilled 
and tapped for a stainless-steel plug. Dow-Corning 
silicone rubber was found to be an excellent gasket 
material giving a pressure-tight seal without excessive 
tightening of the plug. The tubes, about half filled 
with the solution under investigation and containing 
an excess of mercuric sulphide, were rotated end-over- 
end at about 10 r.p.m. for 24 hours in an oven at 110 
or 165°C., after which the excess mercuric sulphide 
was allowed to settle out at one end of the tube. 
After settling was complete, the slight bend in the 
center permitted the decantation of some of the clear 
supernatant liquid. The tube was then allowed to cool 
and the separated supernatant liquid was removed at 
room temperature. An aliquot of the liquid was 
analyzed for mercuric sulphide. Figure 2 shows cross- 
sectional views of a tube in the “settling” and “decant- 
ing” positions, and indicates the method for the isola- 
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tion of a sample of supernatant liquid in the right- 
hand end of the tube by decantation. 

The oven for the determinations was equipped with 
a blower system (B and C) arranged to take air from 
the top of the oven and return it along the bottom. 
The heating element of the oven was rated at 700 
watts; an auxiliary 150-watt strip heater (D) was 
necessary to maintain the temperature at 165°C. 
Temperature control within 0.5°C. was maintained 
by means of a Cenco-DeKhotinsky Thermo-Regulator 
(EZ) and an a.c.-d.c. relay (/) in series with the main 
heating element of the oven. The thermometer used 
was compared with a thermometer calibrated at the 
Bureau of Standards. | 


“Decanting Position 


“Settling’ Position 


~<— Hydrogen 


Nitrogen 


Sintered Glass 
Asbestos 
Glass Wool 


Fig. 2. (top) Cross section—stainless steel tubes for 
high-temperature hydrolysis determination. Fig. 3. (bot- 
tom) Apparatus for filtration at 100°C. 


A removable cradle (G) was constructed for rota- 
tion of the tubes. This device consisted of five troughs 
(H), made of 1/2-inch conduit, brazed to a °/1¢-inch 
steel shaft. The tubes were held in the troughs by 
thin steel clips (1). The shaft rotated in sleeve- 
type brass bearings and was coupled through a re- 
duction gear to a small a.c.-d.c. motor mounted to the 
back of the oven. Dow-Corning stopcock grease (a 
silicone preparation) was found to be a fairly good 
bearing lubricant at 165°C. A 500-ohm, 0.31-ampere 
potentiometer in series with the motor controlled 
the speed of rotation. An adjustable counterbalance 
(J) was brazed onto the shaft in order to provide 
a more balanced load for the motor. 

The shaft was marked where it extended out of the 
oven at the rear, so that rotation could be stopped 
with the tubes in “settling” position and in “decanting” 
position after settling was complete, without opening 
the oven. 


ANALYSIS OF THE SUPERNATANT LIQUID FOR DIS- 
SOLVED MERCURIC SULPHIDE 


Ten milliliters of the clear, supernatant liquid were 
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carefully pipetted into a 50-ml. Erlenmeyer flasix 
containing 10 ml. of 6 N hydrochloric acid. The 
transfer was made under a protective stream of nitro- 
gen in order to minimize atmospheric oxidation. Hy- 
drogen sulphide was then bubbled through the solution 
for ten minutes to complete the precipitation. The 
solution was filtered through a weighed Pyrex “fine” 
sintered-glass crucible to which an asbestos mat had 
been added. The precipitate was washed with 30 ml. 
of 95% ethyl alcohol, followed by an equal amount 
of carbon disulphide. The crucibles were dried for 
at least 2 hours at 110°C., cooled in a desiccator for 
30 minutes, and weighed. 


CALCULATION OF DEGREE OF HYDROLYSIS FROM 
MERCURIC SULPHIDE SOLUBILITY 


The method of calculation is illustrated by the 
following example: 10 ml. of the supernatant liquid 
from a solution 0.25 M in sodium sulphide and 0.25 M 
in sodium hydroxide, after mixing 24 hours with an 
excess of mercuric sulphide, contained 0.1173 gram 
of dissolved mercuric sulphide. 


Molarity of HgS _ wt. HgS _, 1000 
in solution ~  HgS 10 


ONL73 
~ 232.67 


M HegS = 0.0504 


x 100 


Since, in the presence of a large excess of HgS, 
HeS + NaS——> NasHeS, 


molarity HgS = molarity NaS as NaS 
M NaS = 0.0504 
Hydrolysis 


oe NaS 0.0504 x 100 


Tear 0.25 


= 79.8% 


INVESTIGATION OF THE MERCURIC SULPHIDE SOLU- 
BILITY METHOD 
The basis for the mercuric sulphide method was 
tested in the following ways: 


Mercuric Sulphide Solubility 

The method is dependent upon the insolubility of 
mercuric sulphide in sodium hydrosulphide, sodium 
hydroxide, and water. Determinations at 25°C. in- 
dicated that the solubilities were negligible at this 
temperature. At 165°C., some solubility was noted 
for sodium hydroxide, although the amount was negli- 
gible at 110°C. Determinations were made at a num- 
ber of sodium hydroxide concentrations at 165°C. in 
order to make possible the application of a correction 
in the hydrolysis calculations at that temperature. 
In no ease did the correction change the calculated 
percentage of hydrolysis to an extent greater than 2%. 


Quantitative Nature of the Mercurie Sulphide-Sodium 
Sulphide Complex Formation 


The next point of the Knox method to be investi- 
gated was the mole for mole solubility of mercuric 
sulphide in sodium sulphide. The basis for the cal- 
culation of the hydrolysis is the proposition that, in 
the presence of an excess of red mercuric sulphide, 
there is a quantitative 1:1 relationship between the 
moles of dissolved mercuric sulphide and the moles of 
sodium sulphide present in the unhydrolyzed form. 
Table V shows the hydrolysis values obtained for solu- 
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tions in which the ratio of sodium hydroxide to sodium 
sulphide concentration was very high. Very low de- 
erees of hydrolysis were obtained. In run 4, for ex- 
ample, 1.3% hydrolysis was obtained, indicating that 
the amount of mercuric sulphide dissolved was 98.7 % 
of the total concentration of sodium sulphide (hydro- 
lyzed and unhydrolyzed). With the large excesses 
of sodium hydroxide present in these solutions, a very 
low degree of hydrolysis would be expected, although 
values of a few per cent certainly seem possible. In 
any event, one may consider the data of Table V as 
very strong evidence that the mole for mole solubility 
relationship is quantitative or very nearly quantita- 
tive at 25°C. Unfortunately, the appreciable solu- 
bility of mercuric sulphide in concentrated sodium 
hydroxide makes it impossible to obtain evidence of 
this sort at 165°C. 


Table V. Hydrolysis of Sodium Sulphide in Concentrated 
Sodium Hydroxide (25°C.) 


Molarity of 
8S 


Molarity of Molarity of gS in Hydrolysis, 
Run NazS NaOH solution % 
1 0.0483 9.31 0.0468 3.0 
2 0.0483 9.31 0.0466 3.4 
3 0.1259 8.66 0.1217 ono 
4 0.1259 8.66 0.1242 ils} 


Reversibility of the Complex-Formation Reaction 

The reversibility of the reaction of HgS with NaS 
to form a soluble complex was tested in the following 
manner: a solution 0.3 M in sodium sulphide and 1 
M in sodium hydroxide was rotated with an excess of 
mercuric sulphide at 25°C. for 24 hours. A sample of 
the supernatant liquid was analyzed at this time. 
Sufficient water was then added to make the solution 
0.15 M in sodium sulphide and 0.5 M in sodium 
hydroxide. After an additional 24 hours of mixing, 
the supernatant liquid was again analyzed. The re- 
sults are shown in Table VI. 


Table VI. Reversibility of Mercuric’ Sulphide-Sodium 
Sulphide Complex Formation 


_M gS Hydrolysis 
in solution (25° CDG 
0.3 M NaS, 1 M NaOH 0.1443 51.9 
After dilution and 24 hr. mix- 
ing, 0.15 M NaS, 0.5 M 
NaOH 0.0500 66.7 


The reversibility of the complex-formation reaction, 
Hes -4- Na:S NasHe8: 


is a requisite of the high-temperature adaptation of 
the Knox hydrolysis determination. The reaction 
tubes are filled at room temperature with the solution 
in question and an excess of mercuric sulphide, and 
are then heated to the desired temperature. In order 
that the method may yield correct results at the 
elevated temperature, the soluble complex must be 
able to break down with the resultant precipitation 
of mercuric sulphide from solution, if the hydrolysis 
of the sodium sulphide increases. After 24 hours of 
mixing with an excess of mercuric sulphide at 25°C., 
the hydrolysis of the sodium sulphide in a solution 
0.3 M in sulphide and 1.0 M in sodium hydroxide 
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was determined as 51.9%, or 0.1443 M mercuric sul- 
phide in solution. After the addition of sufficient 
distilled water to make the solution 0.15 M in sodium 
sulphide and 0.5 M in sodium hydroxide with 24 addi- 
tional hours of mixing, the hydrolysis was determined 
as 66.7%, or 0.0500 M mercuric sulphide in solution. 
It is evident that considerable mercuric sulphide was 
thrown out of solution by the increase in hydrolysis 
upon dilution. In addition, both of the hydrolysis 
values appear very reasonable when compared with 
the data at other concentrations in Table IX. The 
complex-formation reaction appears to be reversible. 


Effect of Complex Formation on the Sodium Sulphide 
Hydrolysis Equilibrium 

In the development of any method for the deter- 
mination of the position of an equilibrium, the pos- 
sibility of disturbing the equilibrium must be carefully 
considered. In the Knox method, the sodium sulphide 
in solution participates in two equilibrium reactions. 


Hegs 
4 
HOH + NaS 


NasHgS2 


In the presence of a large excess of HgS (such as that 
used in this method), one would expect all sodium 
sulphide to be present as the sodium mercury sulphide 
complex. Information as to the properties of this 
soluble complex is very scarce although Kolthoff, 
Griffith, and Moltzau (4) have published some work 
on the precipitation of mercuric sulphide from the 
complex by means of zinc sulphide. There is con- 
siderable room for argument as to the interchange- 
ability of sodium sulphide and NasHgS, in the sodium 
sulphide hydrolysis equilibrium. 

In an effort to detect any shift in the hydrolytic 
equilibrium, pH measurements were made on 0.1 M 
sodium sulphide solution before and after 24 hours of 
mixing with an excess of mercuric sulphide. The 
readings appear in Table VII. 


NaOH + NaHS 


Table VII. pH of 0.1 Molar Sodium Sulphide (25°C.) 


Initial pH Final pH 
Run 1 12.90 12.83 
Run 2 12.91 12.86 


A shift in the hydrolysis means a change in the 
sodium hydroxide concentration and, therefore, a 
change in the pH of the solution. Unfortunately, we 
are dealing with very high pH’s and an extensive 
shift in the hydrolytic equilibrium would be required 
to shift the pH to an extent greater than the experi- 
mental error involved in a pH measurement. For 0.1 
M sodium sulphide at pH 12.90, a shift of 16% in 
the hydrolysis equilibrium would only change the pH 
to 12.80. Table VII indicates that changes in pH of 
0.07 and 0.05 were obtained experimentally. The 
magnitude of these changes is very close to the repro- 
ducibility of a pH measurement and, thus, too much 
significance cannot be attached to them. They may 
be interpreted as evidence that, if a shift in hydrolytic 
equilibrium exists, it does not exceed the order of 
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10%. The data in Tables V and IX, which present 
results as low as 1.3 and as high as 92.7% for the 
hydrolysis of sodium sulphide as determined by the 
Knox method, lend further support to the premise 
that the disruption of the hydrolytic equilibrium by 
complex formation is small. There is every reason 
to believe that, for sodium sulphide solutions more 
dilute than 0.15 M, the method will yield hydrolysis 
values higher than 92.7%. 


Degree of Completion of Settling of Excess Mercuric 
Sulphide 

It was desired to check the efficiency of the separa- 
tion of excess mercuric sulphide from the supernatant 
liquid in the stainless steel tubes at elevated tem- 
peratures. A special piece of apparatus, shown in 
Fig. 3, was constructed to give a positive separation 
of the supernatant’ liquid from the excess mercuric 
sulphide at 100°C. The apparatus was so arranged 
that the supernatant liquid from a hydrolysis de- 
termination could be forced through an asbestos mat 
and sintered-glass disk in a filter stick by hydrogen 
pressure while the entire system was held in a boiling 
water bath. In this manner complete removal of the 
excess mercuric sulphide was insured. The filtered 
supernatant liquid was collected under a protective 
stream of nitrogen to minimize atmospheric oxidation 
and was analyzed for dissolved mercuric sulphide as 
previously described. The hydrolysis values obtained 
appear in Table VIII. 

The average value of 65.0% hydrolysis obtained 
under these conditions compares well with that of 
67.1% hydrolysis obtained for the same composition 
of solution at 110°C. (Table IX) by the regular high- 
temperature method. It is apparent that satisfactory 
removal of excess mercuric sulphide is obtained by the 
settling and decanting procedure used. 


Hydrolysis of Sodium Sulphide (100°C.) 
(Supernatant Liquid Filtered) 


Table VIII. 


Solution Hydrolysis, % 
0.2 M NaS, 0.5 M NaOH 
Run 1 64.9 
Run 2 65.1 


HYDROLYSIS OF SODIUM SULPHIDE IN SULPHIDE- 
HYDROXIDE MIXTURES 

The hydrolysis of sodium sulphide at 25°C. and 
at elevated temperatures has been studied by the 
application of the mercuric sulphide solubility method 
of Knox. Table IX presents data on this hydrolysis 
at various sulphide and hydroxide concentrations and 
for several temperatures. The concentrations and 
temperatures were selected to cover the ranges nor- 
mally encountered in sulphate pulping. 

An examination of these data reveals that the so- 
dium sulphide concentration and the temperature of 
the solution exert only minor influences on the degree 
of hydrolysis. The determining factor seems to be 
the amount of sodium hydroxide present, although the 
effect of this compound in suppressing the hydrolysis 
is also surprisingly small. From Table IX it appears 
that 1.5 M sodium hydroxide reduces the hydrolysis 
by little more than one half for the concentrations of 
sodium sulphide investigated. It was found that 8 
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or 9 molar sodium hydroxide was required to reduce 
the hydrolysis to less than 4% io dilute sodium 
sulphide solutions at 25°C. 

Mitchell and Yorston (10), in experiments on the 
delignification of wood with sodium sulphide, found 
a direct proportionality between the rate of delignifi- 
cation and the sodium sulphide concentration. They 
considered this to be surprising, because of an expected 
change in the hydrolysis of sodium sulphide with 
concentration. The data of Table IX indicate that, 
at 25°C. at least, there is little change in the hydrolysis 
with change in sodium sulphide concentration over 
a concentration range of 0.15 M to 0.35 M. 


Table IX. Hydrolysis of Sodium Sulphide 
Morarey NaOH 


M NazS 0, % 0.25, %o 50, Io 0.75, %o 1.5, % 
PAS ACE 

0.15 Oa 79.7 66.7 56.8 37.8 

0.25 91.9 80.3 ye: 58.7 41.0 

0.35 83.8 71.9 Or Som 
110°C 

0.20 89.3 79.3 (y/o 51.9 43.1 
165°C. 

0.20 92.0 84.5 72.0 Dono) 46.9 


The small effect of temperature on the sodium sul- 
phide hydrolysis, evidenced in Table IX, was contrary 
to expectation. It is well established that K,, the 
ion product constant for water, shows a rapid in- 
crease with temperature. Since K, = K,,/Ka, where 
k,, is the hydrolysis constant for the salt and K, is 
the ionization constant of the acid of the salt, one 
might expect the hydrolysis to increasé rapidly with 
Ky. Two possible reasons for the small change sug- 
gest themselves: (1) the increase of K, with tem- 
perature in a concentrated salt solution may be less 
than in the case of pure water and (2) the second 
ionization constant of hydrogen sulphide (K,) may 
increase with temperature to such an extent as to bal- 
ance the increase in Ky. 

Unfortunately, data are not available in the litera- 
ture on the variation of the second ionization constant 
of hydrogen sulphide with temperature. Jenkins (5) 
presents an equation for the ionization constant of 
acetic acid, which is satisfactory over a 50° tempera- 
ture range. The equation is also applicable to formic, 
propionic, and butyric acids. Values of 1.751 « 10° 
at 25°C. and 1.5389 « 10 at 60°C. were calculated 
for acetic acid. 

Evidence for the idea that the second ionization of 
hydrogen sulphide increases with temperature is found 
when the heats of neutralization of certain weak acids 
are considered. The combination of hydrated hydro- 
gen and hydroxyl ions to form water is accompanied 
by the evolution of 13.8 kilogram-calories per mole. 
In the neutralization of one mole of acetic acid by 
sodium hydroxide, 13.40 kilogram-calories are liber- 
ated. The difference between 13.8 and 13.40 is the heat 
consumed in the ionization of acetic acid in water. 
The neutralization of hydrogen cyanide (Kz, = 7 X 
10-1°) by sodium hydroxide liberates only 2.90 kilo- 
gram-calories per mole. The lower the ionization con- 
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stant, the greater is the heat consumed in ionization of 
the acid, and one might expect that an acid with a high 
heat of ionization would exhibit an increase in ioniza- 
tion with increasing temperature. Thus, it seems quite 
possible that the second ionization of hydrogen sul- 
phide (Kz =: 3.63 X 107%) might be very sensitive 
to increased temperature. 


APPLICATION OF HYDROLYSIS DATA TO MILL COOK- 
ING DATA 

It was felt that components of a sulphate black 
liquor other than sodium hydroxide would have little 
bearing on the sodium sulphide hydrolysis. To con- 
firm this idea, the high-temperature adaptation of the 
Knox method was applied directly to some mill black 
liquors which had been analyzed for NaOH and total 
sulphide. The values obtained were of the same order 
of magnitude as the hydrolytic data on pure solutions 
of sodium hydroxide and sulphide, although the re- 
sults obtained were somewhat erratic because of the 
coprecipitation of lignin when the black liquors were 
acidified to precipitate dissolved mercuric sulphide. 
Thorough washing of the precipitate with alcohol re- 
moved most of the lignin, but it was evident that the 
direct application of the mercuric sulphide method to 
black liquors yielded data of little value. 

Since satisfactory data on the hydrolysis of the 
sodium sulphide in cooking liquors could not be ob- 
tained directly, the hydrolysis values for the various 
liquor samples were estimated by application of the 
data of Table IX on the hydrolysis of sodium sulphide 
in mixtures with sodium hydroxide to the total sul- 
phide and sodium hydroxide contents of the liquor 
samples as determined by analysis. From these esti- 
mated hydrotysis values the total concentrations of 
sodium hydroxide, sodium sulphide, and sodium hydro- 
sulphide existing in the solutions were calculated. 

This procedure was applied to some analytical data 
on a Nekoosa-Edwards experimental cook as well as 
to those of a Mosinee mill-scale cook. The results 
obtained are tabulated in Tables X and XI and are 


Table X. Experimental Cooking Data (Nekoosa-Edwards) 


: Estimated 
Time, Free Total hydrolysis, 


min. M NaOH M NaeS % M NaOH M NazS M NaHS 


0 1.30 0.37 38 1.44 0.23 0.14 
60 0.48 0.28 64 0.66 0.10 0.18 
120 0.27 0.27 78 0.48 0.06 0.21 
180 0.17 0.26 85 0.39 0.04 0.22 
240 0.11 0.26 88 0.34 0.03 0.23 


plotted in Figs. 4 and 5. The term “M NaOH (free) ” 
used in these tables and figures does not include 
sodium hydroxide formed by hydrolysis of the sodium 
sulphide. 

The original analytical data on the Mosinee cook 
are indicated by the points in Fig. 5, whereas those 
for the Nekoosa-Edwards cook were taken from Bor- 
lew and Pascoe (6). 


SODIUM SULPHIDE HYDROLYSIS IN SULPHATE 
COOKING 


Many assumptions as to the hydrolysis of sodium 
sulphide in a sulphate cooking liquor appear in the 
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literature. Bray, Martin, and Schwartz (7) and 
Hanson (8), on one hand, assumed complete or prac- 
tically complete hydrolysis of the sodium sulphide to 
sodium hydroxide and sodium hydrosulphide. On the 
other hand, Borlew and Pascoe (6) assumed zero 
hydrolysis, stating that sodium hydrosulphide does 
not exist in a sulphate cooking liquor and, furthermore, 
that it cannot exist at a pH higher than 8.3. The data 
of Table IX indicate an appreciable hydrolysis, and 
substantiate Brauns’ (9) idea of a partial hydrolysis 
of sodium sulphide to hydrosulphide, from which com- 


Table XI. Mill-Scale Cooking Data (Mosinee) 


; Fhe nee 
Free Tota ydrolysis, 
min. M NaOH M Naz2S % M NaOH M NazS M NaHS 


0 ie 0.26 42 1.88 0.15 0.110 
30 0.98 0.18 57 1.05 0.06 0.074 
70 0.80 0.11 65 0.87 0.04 0.072 

105 0.67 0.10 73 0.74 0.03 0.073 
135 0.58 0.10 76 0.66 0.02 0.076 


pound a mercapto group is formed in sulphate lignin. 
It should be mentioned again that these data were 
taken on mixtures of pure solutions of sodium sulphide 
and sodium hydroxide and not upon actual cooking 
liquors. It is felt, however, that the other components 
in a cooking liquor, or even in a black liquor, would 
have little effect upon the sodium sulphide hydrolysis. 


Sodium Sulphide or Hydrosulphide 


Molarity of Sodium Hydroxide 


Molarity of 


0 40 80 120 160 200 240 
Cooking Time, min. 
Fig. 4. Experimental cooking data ( Nekoosa-Edwards ) 


(1) M NasS (total) (by analysis), (2) M NaHS (by caleu- 
lation), (8) M NaOH (free) (by analysis), and (4) M Nas as 
NaS (by calculation). 


Table X and Fig. 4 present analytical data from an 
experimental cook to which has been added an estima- 
tion of the sodium sulphide hydrolysis, based upon the 
data of Table IX. Some interesting observations in 
connection with various ideas that have been advanced 
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0 40 80 120 160 200 


Cooking Time, min. 
Fig. 5. Mill-scale cooking data (Mosinee) 
(1) M NaS (total) (by analysis), (2) M@ NaHS (by calcula- 


tion), (3) M NaOH (free) (by analysis), and (4) M NaS 
as NaS (by calculation). 


on sulphate pulping can be made by considering the 
hydrolysis at several points during a typical cook. 

Let us consider the cook described in Table X as 
a typical sulphate cook, in which the temperature is 
raised to 165°C. in 1.5 hours and held there for 2.5 
hours before the digester is relieved and blown. 

When the cook is started, the sodium sulphide is 
only 38% hydrolyzed; the total concentrations in 
solution are 1.44 M sodium hydroxide, 0.23 M sodium 
sulphide, and 0.14 M sodium hydrosulphide. During 
the first hour air is removed from the digester, the 
liquor penetrates the chips and the volatile oils distill 
off with the steam. The more soluble carbohydrates 
are attacked to an extent greater than the lignin dur- 
ing the very early part of the cook. The entrance of 
sulphur into the lignin, with the resulting increase of 
lignin solubility in alkali, may take a little time to 
reach appreciable proportions. The sulphur appar- 
ently enters the lignin by reaction with the sodium 
hydrosulphide and forms a mercapto group. 


OH 


Acar oe 
a 


It is the presence of this mercapto group that is re- 
sponsible for the increase in alkali solubility. 

At the end of the first hour the temperature is in 
the neighborhood of 140°C., and the sodium sulphide 
is 64% hydrolyzed. The concentration of sodium hy- 
drosulphide in solution has actually increased to 0.18 
M, whereas the sodium hydroxide is 0.66 M and the 
sodium sulphide is 0.10 M. It is in this region that 
the rate of delignification and the ratio of lignin to 
carbohydrates dissolved are approaching their maxi- 
mums. 
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At the end of the second hour, maximum tempera- 
ture has been reached and the sodium sulphide is 78% 
hydrolyzed. The concentrations in solution are now 
0.48 M for sodium hydroxide, 0.06 M for sodium sul- 
phide, and 0.21 M for sodium hydrosulphide. The 
evolution of noncondensable gases has practically 
ceased and the more readily accessible lignin has been 
removed. 

During the last 2 hours of the cook, there is a slow 
lignin removal and some degradation of the cellulose. 
The cooking liquor is rich in sodium hydrosulphide 
but the alkali concentration has become rather low. 
Much of the lignin now being removed is from the 
middle lamella. This lignin may have been rendered 
less soluble by condensation reactions earlier in the 
cook. 

Theoretical support for the recognized benefits of 
preimpregnation with black liquor, as well as for sul- 
phate injection pulping, is found in the hydrolysis 
and cooking data. From Table X it is evident that 
the black liquor has a high concentration of sodium 
hydrosulphide. Sulphur may enter the lignin in ap- 
preciable amounts during the preimpregnation period. 
The thiolignin formed will then dissolve rapidly as 
soon as the white liquor, rich in sodium hydroxide, 
comes in contact with the wood. 

In injection cooking, a more dilute liquor at the 
beginning of the cook should eliminate or materially 
reduce the period during which carbohydrates are dis- 
solved at a more rapid rate than the lignin. It is 
suggested that maximum benefits might be obtained 
by starting the cook with a high-sulphidity white 
liquor: in the digester, and injecting a liquor of lower 
sulphidity and higher sodium hydroxide content as the 
cook progresses. In this way, a high concentration 
of sodium hydrosulphide would be present to react 
with the lignin during the early stages, and a sufficient 
amount of sodium hydroxide would be present toward 
the end of the cook to dissolve the more resistant 
hignin. 
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The Characteristics of Unbleached Kraft Pulps from Western 
Hemlock, Douglas Fir, Western Red Cedar, Loblolly Pine, 
and Black Spruce 


I. The Chemical Constituents of the Unbleached Kraft Pulps 


HARRY F. LEWIS, LOUIS E. WISE, and B. L. BROWNING 


In this first paper of the series devoted to a better under- 
standing of possible causes for the differences between the 
physical properties of the kraft pulps from Douglas fir 
and loblolly pine, on the one hand, and from western hem- 
lock, black spruce, and western red cedar, on the other, 
a study of their chemical components is described. The 
results fail to show significant chemical variations which 
might account adequately per se for the differences in 
physical properties. Some variations in composition have 
been shown, as might be expected. The spruce pulp, for 
example, shows the lowest corrected alpha-cellulose con- 
tent—on a corrected basis, western hemlock and Douglas 
fir pulps have almost identical alpha-cellulose contents. 
The lignin contents are approximately the same, con- 
firming that about the same degree of delignification was 
achieved in the cooking of each wood. Spruce and fir 
pulps had similar mannan contents, with hemlock inter- 
mediate. In the case of the fir pulp, this mannan was 
found almost entirely in the alpha-cellulose fraction. Fir 
and hemlock pulps had much the same uronic anhydride 
contents. These same pulps had the lowest pentosan (xy- 
lan) contents. 


In a stupy of the kraft pulping of western hem- 
lock, Douglas fir, western red cedar, loblolly pine, and 
black spruce (1), various differences were observed 
between the pulps from Douglas fir and loblolly pine, 
on the one hand, and those from western red cedar, 
western hemlock, and black spruce, on the other. The 
present work was undertaken to explain, if possible, 
the characteristic differences in these properties. 

Among the approaches to this problem were (1) a 
chemical examination of the pulps, (2) a morphologi- 
cal study of the fibrous components, (3) a study of 
the specific surface area of the pulps and the change 
in this area on beating, (4) a study of the distribution 
of the cellulose in the pulps by degree of polymeriza- 
tion, and (5) an investigation of the x ray orientation 
of the fibers. 

The present paper contains a discussion of the first 
approach—1.e., the chemical examination of the pulps. 
Additional papers in this series will discuss the other 
approaches. 


CHEMICAL ANALYSES 


The pulps were received in an air-dry shredded con- 
dition. Samples were prepared by standard methods 
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for the determination of extractives, lignin, and ash. 
The carbohydrate components were determined by 
chloriting 5-gram samples; these holocellulose residues 
were then converted to alpha-cellulose and hemicellu- 
loses A and B in the usual manner (cf. 1). 

The principal components of the kraft pulp are 
summarized in Table I. 


Table I. Composition of the Kraft Pulps from the Five 


oods 
Alpha- Hemi- Hemi- Extrac- 
cellulose, cellulose cellulose Lignin, Ash, tives, 
Pulp % A, % ve Jo % Jo % 
Fir 87.6 28 3.2 58 0.7 0.6 
Hemlock 86.6 3.4 Sif 5.3 1.0 0.6 
Cedar 85.4 3.7 3.2 6.2 0.6 0.8 
Pine 85.1 48 3.0 5.4 0.5 0.5 
Spruce 82.5 5.1 BY 5.8 0.6 0.7 


The chemical analyses of the pulps failed to show 
any significant differences which might account ade- 
quately for the physical properties of the fir and pine 
pulps. Very similar values for lignin indicate that the 
cooking conditions followed resulted in much the same 
degree of delignification, a fact already known from 
the permanganate number of the pulp. The high 
alpha-cellulose content of the fir emphasizes a point 
raised by Brookbank (2) that Douglas fir might be a 
good wood for the manufacture of chemical pulps 
because of the high alpha-cellulose content of the 
Douglas fir sulphite pulp. 

The summative analyses given in Table II include 
the values for alpha-cellulose (corrected for mannan, 
xylan, and uronic anhydride), lignin, ash, extractives, 
mannan, xylan, and uronic anhydride. 


Table II. Summative Analyses of the Five Pulps 


Western 
Black Loblolly red Douglas Western 
spruce pine cedar fir hemlock 
Alpha-cellulose 
(corrected) om 78.6 78.7 79.8 79.9 
Lignin 5.8 5.4 6.2 58 oe 
Ash : 0.6 0.5 0.6 0.7 1.0 
Extractives 0.7 0.5 0.8 0.6 0.6 
Mannan 5.0 2.6 2.8 5.2 38 
Xylan 79 8.3 13} 49 5.6 
Uronic 
anhydride 18 16 Ls 23 2.1 
Total 97.0 97.5 97.9 99.3 98.3 


The data show that Douglas fir and western hem- 
lock pulps have almost identical alpha-cellulose con- 
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tents, and consequently the yields of cellulose deriva- 
tives from the alpha-cellulose would be much the same 
for fir and hemlock and only slightly less for pine and 
cedar. The corrected alpha-cellulose content for 
spruce, however, is significantly lower. As in the case 
of the chemical analyses, the summative analysis fails 
to exhibit any significant differences which might ac- 
count for the physical properties of the fir and pine 
pulps. One observation is that fir pulp has a high- 
mannan content and a low-xylan content, whereas the 
pine pulp has a high-xylan content and a low-mannan 
content. Low-xylan contents are noted for both fir 
and hemlock, in contrast to spruce, pine, and cedar, 
whereas low-mannan contents are noted for pine, ce- 
- dar, and hemlock. The uronic anhydride contents are 
likewise low for spruce, pine, and cedar in comparison 
with fir and hemlock. Chemically, the hemlock and fir 
pulps appear to be more closely related than are the 
pine and fir pulps. 


Holocellu- Holocellu- 
: lose® lose 
based on calculated 


Holocellu-  oven-dry from sum 


Weight Weight lose pulp of hemi- 

(oven-dry) (oven-dry) based on (from celluloses 

sulphate holocellu- original small A and B 

pulp lose oven-dry 5-gram and alpha- 

taken, recovered, pulp, samples), cellulose, 
gram gram % % % 
Douglas fir 47.11 44.60 93.9 94.55 93.5 

Western 

hemlock 47.8 44.51 93.1 94.3 93.6 


“Probably still retains small amounts of lignin. 


Other analytical data are included in Table III, 
which gives the mannan, xylan, and uronic anhydride 
components of the holocellulose and the alpha-cellu- 
loses; these data are also recalculated on the basis of 
the original oven-dried unbleached pulps (assuming 
94% yields of holocellulose). 

It is interesting to note that the mannan appears 
to be almost entirely associated with the alpha-cellu- 


Table III 
Components of Holocellulose from Sulphate Pulps 
———_—————Mannan ——X ylan— Uronic anhydride————_ 
Based on Based on Based on Based on Based on ased on 
holocellulose, unbleached pulp, holocellulose, unbleached pulp, holocellulose, unbleached pulp, 
Pulp % % % 2 | % 
Douglas fir 5.4 5.08 Hi P25 4.94 1.95 2.26 
Western hemlock A eal 3.70 5.98 5.63 1.95 2.08 
Components of Alpha-cellulose (From Holocellulose from Pulps) 
— ——— Mannan: —Xylan— Uronic Anhydride 
Based on ased on Based on Based on Based on Based on 
alpha-cellulose, unbleached pulp, alpha-cellulose, unbleached pulp, alpha-cellulose, unbleached pulp, 
% % ve % 0 % 
Douglas fir B7 4.99 1.60 1.44 1.4 25 
Western hemlock 4.6 3.98 1.65 1.39 15 1.29 


Components of the Total Isolated Hemicellulose (Calculated) Based on Original Unbleached Pulps 


Mannan Xylan, % Uronic anhydride, % 
Douglas fir None 3.50 1.01 
Western hemlock None 4.24 0.79 


@ These were separate determinations made on the original unbleached pulp (not calculated from holocellulose). 


In order to determine whether the pectic acid con- 
tent of the pulps might not cause some of the difference 
in the beating characteristics of the pulps, particularly 
in the development of bursting strength, E. Anderson 
made extensive analyses of the pulps for pectic acid. 
The maximum content of pectic acid is not more than 
a few thousandths of a per cent; hence, this component 
can be eliminated as being responsible for the proper- 
ties of these kraft pulps. 


HOLOCELLULOSE FRACTIONS 
A more extensive study was made of the holocellu- 
lose fractions from the western hemlock and Douglas 
fir pulps. In this study, large-scale holocellulose prep- 
arations were made quantitatively under the follow- 
ing conditions: About 50 grams of air-dried, un- 
bleached, shredded sulphate pulp samples were heated 
for 35 minutes with 1600 ml. of water, 15 grams of 
sodium chlorite, and 5 ml. of acetic acid at 60 to 70° 
with constant stirring. At the end of this period, the 
mixtures were cooled in ice water, washed with ice 
water and acetone, and air dried. Moisture determina- 
tions were then made and the oven-dry weight cal- 
culated. 
The results may be tabulated as follows: 
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lose of the pulp. The results confirm the results for 
the original Douglas fir and western hemlock woods 
from which these pulps were prepared. From previous 
findings by Anderson, it is probable that small amounts 
of mannan are in the hemicellulose. Even if this is 
the case, it is doubtful whether the greater part of the 
mannan behaves as a “hemicellulose” in its effects on 
pulp quality and, thus, an “excess of mannan” in the 
case of Douglas fir may be without significance other 
than in increasing the apparent ‘“alpha-cellulose” con- 
tent of the pulp. 

The significance of mannan in pulp needs further 
study. In 1937 Brauns and Lewis (3) described the 
nature of the insoluble residue remaining after a 
bleached sulphite pulp had been treated with cupram- 
monium solution; the insoluble material had the out- 
line of the somewhat swollen fiber when photographed 
in a dark field. The product seemed to consist of a 
copper carbohydrate complex containing 30% copper. 
The remaining material was carbohydrate in nature. 
When the copper was removed with ammonium hy- 
droxide, followed by a weak acid treatment, the carbo- 
hydrate portion was a white gelatinous mass yielding 
a white starchlike product on drying, which had a 
carbon content only slightly less than that of cellu- 
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lose—44.2% instead of 44.44%. In the earlier analy- 
sis, qualitative tests for pentosans, mannans, and ga- 
lactans in the acid-hydrolyzed material were negative. 
Recently, a chromatographic separation of this acid 
hydrolyzate indicated a high percentage of mannose. 
This was substantiated by the Analytical Laboratory 
of the Institute which found the simple sugars to be 
approximately three quarters mannose. It was pre- 
viously reported that the product would not form a 
soluble acetate when acetylated with pyridine and 
acetic anhydride. It is possible that the mannan in 
the outer wall of the fiber may be a partial cause of 


the haze of acetate solutions prepared from wood pulp. 
The relation of mannan to the papermaking properties 
of pulp is not known, but further study seems war- 
ranted. 
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The Characteristics of Unbleached Kraft Pulps from Western 
Hemlock, Douglas Fir, Western Red Cedar, Loblolly Pine, 
and Black Spruce 


II. The Morphological Characteristics of the Pulp Fibers 


JOHN H. GRAFF and IRVING H. ISENBERG 


Data are given for the fiber length and width of unbleached 
kraft pulps for western hemlock, Douglas fir, western red 
cedar, loblolly pine, and black spruce. 


MorpuHovoaicaL studies have been made of 
wood and pulp fibers from the five woods listed in the 
abstract, with particular emphasis being placed upon 
a variety of measurements with western hemlock and 
Douglas fir. 

The following information has been selected from a 
large number of studies made at the Institute. Un- 
broken fibers of western hemlock range in length from 
1.3 to 6.3 mm., with an average of 4.2. Fibers of 
Douglas fir range from 1.7 to 7.0 mm., with an average 
of 3.9 mm. The range in width is 30 to 40 mu for 
western hemlock (widest 45 mu) and 35 to 45 mu 
for Douglas fir (widest 55 mu). Thus, the two woods 
have much the same average fiber length. The fir 
fibers average 15 to 25% wider than the hemlock 
fibers. 

The obvious anatomical differences between the two 
species are the abrupt transition from springwood to 
summerwood, the presence of normal resin canals, 
the occurrence of spiral thickening on the inside of the 
tracheid walls, and the greater tangential diameter of 
the tracheids, which are all characteristic of Douglas 
fins 

The distribution of fibers by length and thickness 
is shown in Fig. 1. The differences in the distribution 
of fiber lengths seem to be highly significant. The 
greater thickness of the Douglas fir fibers would indi- 
cate a smaller fiber surface area for fiber-to-fiber 
contact in the sheet. The spiral thickening might 
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affect the flexibility and stretch of the fiber. The 
presence of a large amount of thick-walled summer- 
wood fibers would also result in fewer fibers for a 
given weight of pulp stock. In the lower half of the 
figure, the relation between cell wall thickness and fre- 
quency is shown. The solid line for the Douglas fir 
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Table I. 


Summary of Fiber Dimensions of Unbleached Kraft Pulps 


Douglas Loblolly Western Western 
Sir pine hemlock Spruce® red cedar 
Fiber length, mm. A 

Arithmetical average 2.62 2.54 74, P| 2.14 2.05 

Weighted average 3.38 53, WY 2.8 2.86 2 76 
Fiber width, mm. 0.044 0.043 0.041 0.037 0.040 
Area, sq. mm. pia 0.112 0.113 0.100 0.084 0.089 

» Fibers per gram, millions 3.5 3.8 4.5 4.3 4.5 


¢ Bleached kraft. 


shows the presence of large numbers of fibers having 
a cell wall thickness of between 2 and 3 mu and also 
a fairly large number of fibers of cell wall thickness 
between 7 and 9 mu; the thin fibers are the spring- 
wood, the thicker fibers the summerwood. Western 
hemlock, on the other hand, fails to show this differ- 
ence. 


The fiber dimensions of unbleached kraft pulps pre- 
pared from Douglas fir, loblolly pine, western hemlock, 
and western red cedar, together with data on the fiber 
dimensions of bleached spruce kraft fibers, are sum- 
marized in Table I. The results show that the average 
fiber length for Douglas fir and loblolly pine exceeds 
that for the other three pulps, and the same might be 


said for the fiber widths, although the differences be- 
tween the various pulps is not too great. The fiber 
areas show that the Douglas fir and loblolly pine fibers 
have the greatest areas; western hemlock is next, and 
spruce and western red cedar have the lowest values. 
The number of fibers per gram of pulp will be some- 
what related to the fiber areas but in a reverse order. 
Western hemlock and western red cedar have approxi- 
mately 4.5 million per gram, spruce is slightly less with 
4.3 million, whereas loblolly pine is lower with 3.8 
million, and Douglas fir is the lowest with only 3.5 
million. 
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The Characteristics of Unbleached Kraft Pulps from Western 
Hemlock, Douglas Fir, Western Red Cedar, Loblolly Pine, 
and Black Spruce 


III. 


The Comparative Pulping of the Woods 


W. F. HOLZER and K. G. BOOTH 


Five wood species were pulped by the Central Research and 
Technical Department of Crown Zellerbach Corp. in the 
study of pulpwoods carried out in conjunction with The 
Institute of Paper Chemistry. Both kraft and sulphite 
pulps were prepared from Douglas fir, western hemlock, 
western red cedar, eastern black spruce, and loblolly pine. 
The selected logs were handbarked and chipped in com- 
mercial chippers, then air dried. Kraft cooks were made 
in an experimental rotary digester to a TAPPI perman- 
ganate No. of 30. Hemlock was the slowest pulping 
species, while eastern spruce pulped quite easily. The 
other three species were intermediate, and quite close in 
ease of pulping. Hemlock, spruce, and pine yields were 
quite similar, whereas fir and cedar gave much lower 
yields. Eastern spruce had shorter fibers than the other 
four species which were quite similar in fiber classifications. 
Cedar pulp gave the highest bursting strength, followed 
closely by spruce and hemlock, with Douglas fir and lob- 
lolly pine giving much lower values. The order of de- 
creasing tear resistance was substantially the reverse of the 
bursting strengths. The sulphite pulps were prepared in 
an experimental digester fitted with forced circulation and 
indirect heating. Calcium base acid was used for cedar, 
hemlock, and spruce but sodium-base acid was necessary 


W. F. Houzer anno K. G. Boorn, Research Chemists, Crown Zellerbach Corp., 
Camas, Wash. 


AT PSP Tr February 1950 Vol. 33, No. 2 


for the other species to prevent burning. Higher tempera- 
tures and longer cooking cycles were needed for cedar 
and Douglas fir to obtain pulps with TAPPI permanganate 
Nos. of 15. Yields of pulp were substantially the same. 
Fiber classifications were closely similar for all pulps 
except the shorter fibered spruce. The orders for de- 
creasing bursting and tear strengths were nearly the same 
as in the kraft cooks. Hemlock and eastern spruce-are the 
only two of these five species normally used in sulphite 
pulping, and the other three species produced quite dark 
pulps in these cooks. 


THE PHYSICAL properties of pulps are, in the 
ultimate, dependent on the wood species used. The 
maximum value which can be obtained for any given 
physical property is limited by the properties of the 
original wood fiber. Pulping of different wood species 
under rigorously standardized laboratory conditions 
will show, in a comparative though not absolute man- 
ner, the pulp properties which are inherent in those 
species. This report gives an account of the compara- 
tive pulping of five pulpwood species of which three 
were western woods: western hemlock (7'suga hetero- 
phylla), Douglas fir (Pseudotsuga taaifolia), and 
western red cedar (Thuja plicata), one an eastern 
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wood: eastern black spruce (Picea mariana), and the 
fifth a southern wood: loblolly pine (Pinus taeda). 

This work formed part of an intensive investigation 
of the five species carried out by The Institute of 
Paper Chemistry at Appleton, Wis., in cooperation 
with the Central Research and Technical Department 
of Crown Zellerbach Corp. The pulping of the woods 
and the determination of physical properties of the 
pulps was done by the latter organization. Samples 
of all pulps and also of the waste liquors were sent to 
The Institute of Paper Chemistry for microscopic and 
chemical investigation. 

The wood samples used were selected as being typi- 
cal of the species, and were free of decay. They had 
been floated in water for only a short space of time. 
Their origins were as follows: 


Siltcoos area near Crown Zellerbach 
mouth of Ump- Corp. 
qua River Ele- 
vation 150 ft. 
Willamette Valley 


Western hemlock 


Crown Zellerbach 
Corp. 
Crown Zellerbach 


Douglas fir 


Western red cedar North fork of 


Lewis River, Corp. 
north of Kalama 

Loblolly pine Eastern North North Carolina 
Carolina Pulp Co. 


Interlake Mill of 
Q@ im a@@ las 


Probably from 
Canada, area of 


Eastern black 
spruce 


the Soo dated Water 
Power and Paper 
Co. 


The selected logs or blocks were barked by hand and 
then chipped in the commercial chippers of the Crown 
Zellerbach mill at Camas, Wash. Pulping of the chips 
in the experimental kraft and sulphite digesters was 
carried out under carefully standardized conditions 
with the object of obtaining kraft pulps with a TAPPI 
permanganate number of 30, and sulphite pulps with a 
permanganate number of 15. 


KRAFT PULPING 


The kraft cooks were made in a rotary digester of 
2.4 cubic foot capacity, heated by a steam jacket. 
Because of the large ratio of digester shell to digester 
contents, it was impossible to use direct steam as in 
the commercial process since the amount of conden- 
sate would have been excessive. Compensation for the 
lack of liquor volume without condensate was made 
by adding extra water to the digester at the beginning 
of the cook. The chemical usage was 14% of active 
alkali, calculated as sodium oxide and based on the 
moisture-free wood weight. The sulphidity averaged 
26%. In all cooks the time of rise to maximum tem- 
perature was 45 minutes, and the maximum tempera- 
ture chosen was 355°F. To obtain pulps of the desired 
hardness mentioned above, the time at maximum tem- 
perature was varied for each species of wood. The 
results are given in Table I, and inspection shows that 
western hemlock required the longest time at tempera- 
ture for pulping. Cedar, loblolly pine, and Douglas 
fir were similar in ease of pulping, although had all 
three pulps been exactly equal in bleachability there 
would have been a slightly greater range in the times 
at temperature. Eastern spruce was easily the most 
rapid pulping species of the five. 
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Hemlock, spruce, and pine yields were very similar, 
with fir and cedar ranking much lower. One reason 
for the low yield from cedar lies in the high percentage 
of water extractives in this wood, and moreover it has — 
a high lignin content. The screenings yields, except 
for hemlock, were abnormally high, though this can be 
accounted for because of the use of air-dried chips, a 
procedure which usually leads to high screenings. The- 
chips used in this investigation were air dried to de- 
crease deterioration on storage. 


Table I. Kraft Pulping of the Five Wood Species 
Western Douglas Eastern Loblolly 
Species hemlock fir Cedar spruce pine 
Time at maximum 
temperature, min. 54 46 48 39 47 
Total time, min. 99 91 93 84 92 
Screened yield, % 448 42.7 418 45.2 44.5 
Sereenings, % 4.7 10.0 8.2 8.2 6.5 
TAPPI permanganate 
No. 29.6 30.1 31.6 Sed 28.2 


All five pulps were tested for fiber classification, 
using the Bauer-McNett Classifier. Table II shows 
the results, which appeared normal for the various 
species, except that hemlock pulps are usually retained 
to the extent of 81% on the 20-mesh screen, rather 
than 79%. Note that the eastern spruce had shorter 
fibers, on the average, than the other four species. 


Table II. Fiber Classifications of the Kraft Pulps 
Western Douglas Eastern Loblolly 
Species hemlock fir Cedar spruce pine 
On 20 mesh 79.0 81.6 80.9 15.2 82.5 
On 35 mesh 12.5 9.9 11.8 14.4 11.0 
On 65 mesh BH) 3.2 4.5 44 3.4 
On 150 mesh 11059 1 1.2 13 0.9 
Through 150 mesh Bus 42 1.6 4.7 22 


The pulps were tested according to TAPPI proce- 
dures, using a Valley beater. The burst strengths and 
tear resistances are given in Table III and the re- 
spective beater curves, together with freeness curves, 
in Figs. 1 and 2. The cedar pulp had a very high 
burst strength, then came eastern spruce and hemlock 
which were not much lower. Douglas fir and loblolly 
pine developed considerably less bursting strength. 
As is generally the case, the tear resistance decreased 
in substantially the opposite direction with Douglas 
fir having the highest value, then loblolly pine, western 
hemlock, cedar, and eastern spruce in that order. 
Beating times to 400 ml. Canadian Standard freeness 
decreased in almost the same order as the burst values. 


SULPHITE PULPING 


Of the five woods, only two, western hemlock and 
eastern spruce, are generally used in sulphite pulping, 
but all five were tested for the purpose of comparison. 
The pulping was carried out in the experimental sul- 
phite digester which is fitted with forced circulation 
and indirect heating and has automatic pressure and 
temperature controls. The liquor to moisture-free 
wood ratio varied from 6:1 to 6.5:1, depending on 
wood density and moisture in the chips. Calcium-base 
acid was used for cedar, hemlock, and spruce, but for 
Douglas fir and loblolly pine sodium base acid was 
necessary since, in the latter stages of the cooks with 
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Fig. 1. Bursting strengths of kraft pulps 


calcium base acid, the calcium is precipitated out and 
the cooks become burned. However, many examples 
are available in the literature to show that the sub- 
stitution of sodium for calcium under comparable 
conditions produces very little change in pulp quali- 
ties. 


Table III. Physical Testing of the Kraft Pulps 


Western Douglas Eastern Loblolly 
Species hemlock fir Cedar spruce pine 


Burst, % 
at 600 ml. freeness 189 142 223, 204 143 
at 400 ml. freeness 200 154 231 214 152 
Tear resistance 
at 600 ml. freeness 1.80 2.95 an 1.43 2.48 
at 400 ml. freeness 1.74 2.65 1.53 1.36 2.20 


Time to: 
600 ml. freeness 33 33 28 33 30 
400 ml. freeness 48 47 53 55 42 


Separate acid was made up for each cook, no relief 
from a previous cook being used in order to prevent 
the carry-over of volatiles or entrained liquor from 
one cook to the next. The combined sulphur dioxide 
was held to 1.20 + 0.02% in all cases, and the total 
sulphur dioxide to 7.0 + 0.2% for hemlock, Douglas 
fir, and cedar. Total sulphur dioxide in the pine cooks 
averaged 6.70%, and in the eastern spruce cooks 
7.70%. As in the kraft cooks previously mentioned, 
a standard time of rise to temperature, in this case 
4.5 hours, was used for all species. A maximum tem- 
perature of 275°F. was chosen for hemlock, spruce, 
and loblolly pine. However, the other two woods pulp 
very slowly at this temperature, and maximum tem- 
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peratures of 280° for cedar, and 285° for Douglas fir 
were chosen. The cooking data are shown in Table 
IV. It had been anticipated that loblolly pine would 
cook about the same as Douglas fir, but with precipita- 
tion of the base eliminated by the use of sodium, an 
extremely soft pulp was produced on the Douglas fir 
cycle. Repeating the cook on the cycle used for 
spruce gave a pulp of proper hardness. 

The total cooking cycles for spruce and pine were 8 
hours, hemlock required 8.5 hours, and Douglas fir 
and cedar 9.5 and 9.75 hours, respectively, despite 
the higher temperatures used for the two latter species. 
The maximum pressure was held to 95 p.s.i., this 
pressure being reached 3 to 3.5 hours after the begin- 
ning of the cook. The blow down to a_ blowing pres- 
sure of 30 p.s.1. was started 1.25 hours before the com- 
pletion of the cook. 


Table IV. Sulphite Pulping of the Five Wood Species 


Western Douglas Hastern Loblolly 


Species hemlock fir Cedar spruce pine 
Maximum _ tempera- 
ture, °F. 275 285 280 275 275 
Total time, hours 8.5 9.5 9.75 8.0 8.0 
Screened yield, % 45.0 45.2 45.5 45.0 47.1 
Screenings, % oS 18 28 2.5 6.5 


TAPPI permanganate 
No. 15.1 12.5 16.3 14.1 15.6 


The screened pulp yields were all close to 45% 
based on moisture-free wood, except for loblolly pine 
which gave a yield of 47%. No comparative data 


750 

700 

600 
500 6 
oO 
oO 
| 
wn 
8 400 3 
= (= 
4 © 
aT} wv 
2 2 
2 . 
= oO 
s] 300 o 

o 
= 
200 
Set = ae = ee 100 
1.20 eats bale 
“0 20 40 60 80 foo 
Time of Beating in Minutes 
C.S. Freeness H Western Hemlock 
es a F Douglas Fir 
fos ecu C Western Red Ceddr 
S Eastern Black Spruce 
P Loblolly Pine 
Fig. 2. Tear resistances of kraft pulps 

97 


are available for this latter species. The yield from 
this wood in kraft pulping was good, but no higher 
than from other woods. The cedar yield is rather 
higher than would be expected for the reasons previ- 
ously mentioned, while hemlock generally averages 
46% yield. As in the kraft cooks, the screenings ap- 
peared to be on the high side, but again the fact that 
the chips had been air-dried seems a reasonable ex- 
planation for the difference. 

Fiber classifications on these pulps are shown in 
Table V. As in the kraft pulps, the eastern spruce 
yielded a smaller coarse fraction in keeping with the 
generally shorter fiber length of this species. The 
coarse fraction from the other pulps lay in a small 
range, from 70.0 to 71.7%. 
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Table V. Fiber Classifications of the Sulphite Pulps 


Western Douglas Eastern Loblolly 
Species hemlock fir Cedar spruce pine 


On 20 mesh TOL 70.1 70.0 68.5 715 
On 35 mesh 16.1 13.1 15.0 16.7 14.4 
On 65 mesh Gye} 6.8 
On 150 mesh 2 DED 
Through 150 mesh 42 Ws, 
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Physical strength tests on the different pulps showed 0 10 20 30 40 50 
almost identical trends to those obtained with the Time of Beating in Minutes 
kraft pulps, as shown in Table VI and Figs. 3 and 4. 
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Fig. 4. Tear resistances of sulphite pulps 
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burst strengths far below the other three pulps. In 
tear resistance the Douglas fir pulp was easily the 
leader, followed by pine and hemlock, and lastly 
600 eastern spruce and cedar which had considerably 
lowered tear strength. In these tests, the beating time 
to 400 ml. Canadian Standard freeness showed no 
correlation with either strength property. 


at 400 ml. freeness 142 101 159 142 94 
300 Tear resistance 

at 500 ml. freeness LIB 1.44 0.96 0.99 1.26 
at 400 ml. freeness Lye 1.39 0.92 0.94 1108 
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7 Table VI. Physical Testing of the Sulphite Pulps 
ohn 
T=.) o West Dougl East Lobloll 
5 400 2 Species hemlock oe i Cedar orice. file - 
_ o 
2 Burst, % 
£ re at 500 ml. freeness 137 99 156 137 92 
g ro) 
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Time to: 
200 500 ml. freeness 1153.59 13 14.5 19 23 
400 ml. freeness 17 17 19 24 28 


Mention should be made of pulp colors. Douglas 


ee fir, cedar, and loblolly pine are not typical sulphite 
50 woods and produced dark pulps as well as cooking 
50 with difficulty. Douglas fir was an olive color when 
Time of Beating in Minutes wet which turned brown on drying; cedar was a light 
CS nrre ence HamiWesiern Hemiock kraft color, and loblolly pine was a fairly dark gray. 
— — —Bursting Strength F .Douglas Fir The color of the last pulp was due partly to some 
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S Eastern Black Spruce fashion. 
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The Characteristics of Unbleached Kraft Pulps from Western 
Hemlock, Douglas Fir, Western Red Cedar, Loblolly Pine, 
and Black Spruce 


IV. The Specific Surface Areas of the Pulps and the Changes on Beating 


B. L. BROWNING and PHILIP S. BAKER 


When the specific surface areas and physical characteristics 
of the five pulps were measured after 5 and 50 minutes of 
beating, respectively, the pulps having the lowest bursting 
strength values were those showing the lowest specific sur- 
face areas. In fact, it was possible to arrange the five pulps 
in order of increasing surface for the same beating times 
and have the resulting order hold for increasing bursting 
strength values. Arranged in order of increasing specific 
surface and bursting strength, the pulps are: fir, pine, 
hemlock, spruce, and cedar. Both bursting and _ tensile 
strength values show a relationship to surface area inde- 
pendent of the pulp being tested, although the present data 
are insufficient to determine the exact relationships. It 
seems reasonable to conclude that one reason why both 
pine and fir pulps display low bursting strengths is the low 
specific surface areas shown by beaten pulps of those 
species. 


ONE POSSIBLE means for evaluating or explain- 
ing the physical properties of pulps is the measure- 
ment of their specific surface areas. The specific sur- 
face of a pulp is defined as the exposed area in square 
centimeters per gram of moisture-free pulp; the deter- 
mination provides a measure of the degree of fineness 
and/or fibrillation. The procedure consists in coating 
the surfaces of a pulp suspension with silver and then 
estimating the extent of silvered surface by measuring 
the rate of decomposition of hydrogen peroxide. 

The early work on the method was done by Clark 
(1) and the method was improved by McEwen (2). 
In each case, the method was used substantially with 
unbeaten pulps. Although the extension of the method 
to cover the measurement of beaten pulps was still in 
its developmental stage at the time this work was 
undertaken, it appeared highly desirable to determine 
the significances of the determination in connection 
with kraft pulps. 

Since the Clark-McEwen method in many uses gave 
erratic results with beaten pulps, a considerably modi- 
fied version of their method was used in exploratory 
experiments on unbeaten samples of western hemlock, 
Douglas fir, and western red cedar unbleached kraft 
pulps. Since significant differences were indicated, 
beater runs were made and samples taken at five in- 
tervals of 5, 20, 35, 50, and 65 minutes for the meas- 
urement of surface area. 

The technique used in the first series of experiments 
was as follows. 


B. L. Browninc, Member TAPPI; Research Associate, The Institute of 
Paper Chemistry, Appleton, Wis. 
Pup S. Baker, Bradley University, Peoria, IIl. 
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The suspension from the beater was diluted to a 
suitable consistency with tap water and several ali- 
quots were measured out. Consistency was deter- 
mined by filtering off two of these samples on Jena. 
1-G-3 crucibles, removing the fibers as completely as 
possible from the crucibles, and drying and weighing 
them in tared weighing bottles. 

For silvering, the aliquots were also filtered off on 
Jena 1-G-3 crucibles, the fibers were removed and 
suspended in 100 ml. of boiling dilute silvering solu- 
tion (10 grams of silver nitrate per liter), and the 
silvering was carried out slightly below the boiling 
point for a time equivalent to twice the period re- 
quired for the fibers to change color from red brown 
to black. At the end of this time, the fibers were 
filtered on a Jena 1-G-3 crucible, washed well, and 
rinsed into the reaction flask. One hundred milliliters 
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Fig. 1. Relation between specific surface and (a) freeness 
and (b) bursting strength (data from Table I) 
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Table I. Relation Between Beating Time, Specific Surface, and Pulp Strength of Fir, Hemlock, and 


Cedar Kraft Pulps 


Using the Original Method for Surface Area 


Beating Canadian Be ice Bursting Penal ee Aeucee 
ei es eee ptt OO. faster Dune % density 
ir 750 8,700 29 3.13 Ihe ily? 8.0 
fe sa 685 11,125 81 3.96 PAs) 1h 74 PE ae 
35 530 13,725 112 3.34 Pil 5) De QL, 
50 340 19,275 1ya7/ PA ey 32.9 2.6 1 Wee) 
65 180 24,725 135 2.0L 33.9 278 Ws 
Hemlock 5 725 10,720 51 3.63 Wie Dal. : 
20 675 12,475 114 232 Ban Dials Ties 
3o) 520 15,460 145 1,93 BM tS 2.9 13.0 
50 330 17,150 162 1.66 40.6 3.4 eye's) 
65 185 23,800 168 1.62 42.4 Sus 14.0 
Cedar 5 675 15,740 72 3.99 18.0 Qa 10.5 
20 630 16,625 158 2.12 34.5 Bo) 1p. 5 
30 550 20,160 184 1.92 38.1 4.0 1163.05) 
50 420 19,740 192 1.74 BAO) 2 S20) 14.0 
65 225 21,960 201 1.54 44.0 Al 14.5 


of dilute borate buffer and 25 ml. of 0.1 N hydrogen 
peroxide were added. The catalytic decomposition 
was carried out for exactly 100 seconds after the addi- 
tion of the hydrogen peroxide, and the temperature 
was recorded at the end of 50 seconds. At the end of 
the 100 seconds, the reaction was stopped by the addi- 
tion of 15 ml. of 2 N sulphuric acid, the undecom- 
posed hydrogen peroxide was titrated with 0.1 N po- 
tassium permanganate, and the surface area (S. A.) 
obtained from a calibration curve. The actual surface 
area in square centimeters per gram was obtained from 
the equation: 

S. A. of sample X 1000 

tency (g./l.) & ml. of sample 


Specifie surface = - 
P Consis 


The data on specific surface, freeness, and the physi- 
cal tests on handsheets will be found in Table I. For 
the first three beating periods, the surface areas in- 
creased regularly with decrease in freeness and tear, 
and increase in bursting and tensile strengths, stretch, 
and apparent density. The last two beating periods 
showed an apparent decrease in the rate of surface 
area increase with western hemlock and a cessation of 
that increase for western red cedar (Fig. 1). The 
explanation lies, in part at least, in the loss of fines 
during the filtering operations, particularly in the case 
of the cedar and fir. One cursory test with the cedar 
showed the loss to be as high as 16%. Contrary to 
this change in rate of formation of specific surface, 
the strength values follow their expected courses. 

Further experiments were then carried out to stand- 
ardize the method further and to eliminate its more 
evident weaknesses. In the final tests, distilled water 
replaced tap water, and the silvering was carried out 
by adding a concentrated silvering solution (100 grams 
of silver nitrate per liter) to an unfiltered boiling ali- 
quot of the suspension. The silvered fibers were fil- 
tered on an asbestos-fitted Gooch crucible to prevent 
the loss of the fines. Consistencies were determined 
by filtering 500-ml. aliquots through asbestos-fitted 
Gooch crucibles. 

Beater tests were again made with the five pulps 
but, because of lack of time, only two points were 
taken for test—at 5 and 50-minute beating intervals. 
For the time being, it can be said that this method 
gives consistent results but much more remains to be 
done in the preparation of the fiber for silvering be- 
fore the data can assume true fundamental signifi- 
cance. 
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The data for the two periods will be found in Table 
1 

These data are shown in Fig. 2. Lines have been 
drawn between the two points in the specific surface 
vs. freeness figure; all bursting-strength values have 
been included in the specific surface vs. bursting- 
strength figure. The freeness lines arrange themselves 
in the same order as the bursting strengths of the 
pulps—the pulps showing low specific surfaces at a 
given freeness have the lowest bursting strengths at 
those freenesses. However, when the bursting 
strengths are plotted against the specific surfaces, 
some regularity will be noted except for the two values 
Spruce 
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Fig. 2. Specific surface vs. (a) freeness and (6) bursting 
strength (data from Table II) 
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Table II. 


Strength Data and Specific Surface Data Obtained by Modified” Method 


: ‘ Canadian Bursting } Tensile 
Ti i S y reenes. ster) h streng 1 
Pulp hie ee : ee ode % é A : : pee 
Loblolly pine 5 9,700 740 39 3.18 
§ 50 16,900 295 135 2.05 
pruce 5 12,000 700 ye 4.08 
geen 50 17,400 425 184 ee 1.46 
ed cedar 5 13,800 700 es 18.0 3.99: 
50 17,100 475 192 39.2 1.79 
Western hemlock 5 10,400 735 Bl 17.3 3.63 
ae | 50 16,200 435 162 40.6 1.66 
ouglas fir 5 9,100 740 29 ial il 3.13 
50 16,200 295 WA7 32.9 2.82 
@ Specific surface determination modified as indicated on page 100. ; 


for western hemlock which are below the line. There 
would appear to be some relationship between bursting 
strength and surface area; in fact, when the limitations 
in both tests are considered, the relationship appears 
even more significant. Just what the significance is 
can be determined only through a more extended study. 
Similarly, tensile values have some relationship to the 
specific surfaces (only six values are available). The 
tear factors for high-freeness values vary widely—at 
the lower freeness values, the tear factors (except the 


value for the hemlock pulp) show a general linear 
relationship. 
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The Characteristics of Unbleached Kraft Pulps from Western 
Hemlock, Douglas Fir, Western Red Cedar, Loblolly Pine, 
and Black Spruce 


V. A Study of the Distribution of the Degree of Polymerization of the Cellulose 
in the Kraft Pulps 


EMIL HEUSER, WILLIAM SHOCKLEY, and R. KJELLGREN 


The average chain length and the chain-length distribu- 
tion have been determined for western hemlock, western 
red cedar, Douglas fir, eastern spruce, and loblolly pine 
kraft pulps by methods involving fractionation by solvent 
extraction. The results show that eastern spruce pulp 
closely resembles Douglas fir pulp, and that loblolly pine 
pulp is similar to those from western red cedar and western 
hemlock. The limitations of the method of fractionation 
by solvent extraction are pointed out. More recent work 
favors the fractional precipitation technique, particularly 
in the upper D.P. regions. 


IT HAS BEEN SHOWN that the physical properties 
of cellulose derivatives are related to the degree of 
polymerization and the distribution of the degree of 
polymerization. Likewise, in the case of pulps of the 
same type from the same wood, a high average degree 
of polymerization, as measured by the cuprammonium 
viscosity, appears to be associated with a pulp of high 
strength, whereas a pulp of low viscosity will show less 
* desirable strength properties. Viscosity is a measure 
of the average degree of polymerization; however, it 
does not establish the range or the distribution. 


Eu Heuser, Member TAPPI; Research Associate Emeritus, The In- 
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It might be reasoned that the different pulps would 
show significant differences in the distribution of the 
cellulose molecular sizes. One pulp might contain a 
fairly large percentage in the low molecular range— 
these would swell more easily and serve to act as 
cementing material in the sheet. Another pulp might 
contain much of the high molecular weight material 
and, during beating, might behave more like a chemi- 
cally refined pulp of high alpha-cellulose content. 

The method used for the determination of the dis- 
tribution of the degrees of polymerization was as fol- 
lows: Pulps were converted into their nitrates by a 
procedure (using a mixture of nitric and phosphoric 
acids in the presence of phosphorus pentoxide) which 
causes practically no degradation of the cellulose. 
The nitrates were dissolved in acetone and subjected 
to specific viscosity determinations. The viscosity 
data were used for the calculation of the molecular 
weights on the basis of the Staudinger function. In 
this way the average molecular weights and, by divid- 
ing them by 162 (the molecular weight of the anhydro- 
glucose unit), the average degrees of polymerization 
(D.P.’s) were obtained. 

In order to determine the chain-length frequency 
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Table I. Average Chain Length and Chain-Length Distribution of Western Hemlock Kraft Pulp 


eeoee ese D.P: Calculated D.P. X % D.P. 
Fraction ays # ee G Av. 1 2 Av. 1 2 (Corr.), Av. 
43 197 
I 16.03 IU 1183 15.58 217 135 176 34.79 20. 
II 9.82 6.79 8.40 1190 1005 1098 116.86 68. ae ia 
Iil 8.05 (hl 7.58 1423 1362 1398 114.55 96.9 oe 
IV 8.62 9.21 8.92 1450 1402 1426 124.99 129.12 1a 
V 12.40 13.59 13.00 1450 1480 1465 179.80 201.13 bese 
-VI 6.55 8.84 7.69 1495 1510 1502 97 .92 133.48 ees 
VII 5.26 6.01 5.64 1500 1692 1596 78.90 101.69 rae 
VIII 5B) P17 3333, 33! 33.29 1615 1830 1723 537.31 609.57 
1285 1361 
Average D.P. of unfractionated nitrate—1481 (1500 and 1462) 
Average D.P. calculated from fractions—1323 (1285 and 1361) 
Corrected D.P. values obtained by using a factor of 1481/1323 = 1.12 
Yield on nitration—171.0% (170.5 and 171.5%) 
Solvent Mixtures Used for Fractionation a 
Fraction Alcohol Ethyl acetate Fraction Alcohol Ethyl acetate 
I 10 112} V 10 22 
II 10 16 VI 10 24 
Ill 10 18 VII 10 26 
IV 10 20 VIIl Pure solvent 


Table II. Average Chain Length and Chain-Length Distribution of Western Red Cedar Kraft Pulp 


- i aa .P.— ated D.P. D- 
Fraction as Mog © Av. 1 woe Av. ey : re (Corr.), Av. 
I 9.87 10.39 10.13 110 131 120 10.86 13.61 130 
II Deo B. Uef 3.16 544 872 708 BES 32.87 765 
III Dimer 4.33 3.30 1056 1235 1146 23.97 53.48 1238 
IV 4.50 4.50 4.50 1459 1591 1525 65.66 71.60 1647 
V 9.49 11.56 10.52 1297 1498 1398 123.09 W835 17s 1510 
VI 7.92 Anos) 7.78 1596 1630 1613 126.40 PHL Bil 1742 
VII 8.98 10.92 9.95 22 1761 1742 154.64 192.30 1881 
VIII 16.55 6.61 11.58 1878 1818 1848 310.81 120.17 1996 
IDS 37.87 40.29 39.08 1788 1751 1768 675.60 705.48 1909 
: 1505 1487 
Average D.P. of unfractionated nitrate—1615 (1625 and 1605) 
Average D.P. calculated from fractions—1496 (1505 and 1487) 
Corrected D.P. values obtained by using a factor of 1615/1496 = 1.08 
Yield on nitration—171.0% (171.0 and 171.0%) 
Solvent Mixtures Used for Fractionation 
Fraction Alcohol Ethyl acetate Fraction Alcohol Ethyl acetate 
I 10 12 VI 10 24 
II 10 16 Vatil 10 26 
Ill 10 18 VIII 10 28 
IV 10 20 IX Pure solvent 
V 10 22 


Table III. Average Chain Length and Chain-Length Distribution of Douglas Fir Kraft Pulp 
y ————- Weight, % Dare Calculated D.P. X % DE 
Fraction i 2 Av. 1 2 Av. i 2 (Corr.), Av. 
I 13.10 12573 12.91 125 97 111 16.38 12S PAL 
II O22 4.28 4.75 1024 906 965 53.45 38.77 1052 
iit 7.07 5.19 6.13 1499 1445 1472 105.98 75.00 1604 
IV aaa 6.67 7.19 1700 1485 1598 131.07 99.05 1742 
W 8.56 7.39 7.98 1595 1851 1723 136.53 136.79 1878 
VI he 7) 18.88 18.32 1724 1650 1687 306.01 311.52 1839 
VII 6.36 8.50 7.43 1831 1710 1771 116.45 145.35 1930 
VIII 8.86 10.06 9.46 1895 1983 1939 167.90 199.49 2114 
IX 25.37 26.30 25.83 2078 2032 2055 527.18 534.42 2240 
1561 1553 
Average D.P. of unfractionated nitrate—1695 (1690 and 1700) 
Average D.P. calculated from fractions—1557 (1561 and 1553) 
Corrected D.P. values obtained by using a factor of 1695/1557 = 1.09 
Yield on nitration—170.2% (169.5 and 172.0%) 
Solvent Mixtures Used for Fractionation 
Fraction Alcohol Ethyl acetate Fraction Alcohol Ethyl acetate 
i 10 ny VI 10 24 
1 10 16 VII 10 26 
aa i a VIII 10 28 
IX ° 
4 in oe Pure solvent 
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Table IV. Chain-Length Distribution of Eastern Spruce Unbleached Kraft Pulp 


Fraction alee, G oe 1 tae Av. at ss Re: ry Z (nae 
I 15.46 15.38 15.42 107 100 104 16.54 15.38 116 
II 4.77 Sel) 4.01 990 705 848 47.22 22.91 950. 
III 4.65 Su25 3.95 1245 957 1101 57.89 31.10 1233 
IV 6.08 5.00 5.54 1410 1350 1380 85.73 67.50 1546 
V 6.37 4.65 5), Gall 1562 1340 1451 99.50 62.31 1625 
VI 5.59 3.95 4.77 1585 1455 1520 88.60 57.47 1702 
VII 7.47 6.58 7.02 1608 1528 1568 OMe 100.54. 1756 
VIII 13.08 14.54 13.81 1765 1688 1728 230.86 245.44 1935 
IX 13.39 15.67 14.53 1905 1835 1870 . 255.08 287 54 2094 
xX ome Piel 733 25.44 1955 1985 1970 452.39 550.44 2206 
1454 1441 
Av. = 1448 
Average D.P. of unfractionated nitrate—1619 (1610 and 1628) 
Average D.P. calculated from fractions—1448 (1454 and 1441) 
D.P. values were corrected"by using a factor of = 1.12 
Yield on nitration—167.9% (169.2 and 166.5%) 
Solvent Mixtures Used for Fractionation 
Fraction Alcohol Ethyl acetate Fraction Alcohol Ethyl acetate 
I 10 12 VI 10 24 
II 10 16 VII 10 26 
Ill 10 18 VIII 10 28 
IV 10 20 Ix 10 30 
V 10 22 xX Pure solvent 


distribution of the pulp, the nitrates were subjected to 
fractional solution (extraction) with a mixture of 
95% ethanol as nonsolvent and ethyl acetate as sol- 
vent, keeping the volume of the nonsolvent constant 
and adding increasing quantities of the solvent. In 
this way the short-chain material is extracted first. 
As the amount of solvent is increased, increasingly 
longer chains are removed. Thus, seven to eight frac- 
tions were obtained with hemlock, cedar, and fir, and 
nine fractions were obtained with pine and spruce. A 
ninth fraction, representing the remaining residue, was 
obtained by using the solvent alone (that is, without 
alcohol being present) in the case of the first three 
pulps, and a tenth fraction in the case of the last two, 
the difference being that, with the pine and spruce 


pulps, one more fraction was added by increasing the 
proportion of the solvent in the solvent-nonsolvent 
mixture from 28 to 30 parts before the pure solvent 
was used. This was done in the hope that the large 
fraction of highest molecular weight might be further 
subdivided. However, better subdivision was achieved 
only to a limited extent. 

After the various extractions, the fractions were ob- 
tained by evaporating the solvent. The residues were 
dried and weighed and the weights were calculated to 
percentages of the weight of the unfractionated nitrate. 
The fractions were then subjected to viscosity meas- 
urements in acetone and the viscosity data were con- 
verted into molecular weight and D.P.’s as described 
above. 


Table V. Chain-Length Distribution of Loblolly Pine Unbleached Kraft Pulp 


—-Wei ————_ — P, Calculated D.P. X D.P. 
Fraction 4 Aes Ze Av. i hs Av. ee va He (Corr.), Av. 
I 9.91 10.40 10.15 91 81 86 9.02 8.42 96 
II 2.61 2.45 2298 535 560 547 13.96 Wie 612 
III 3.07 2.92 3.00 806 882 844 24.74 25510 945 
IV 3.18 2.98 3.08 1090 1195 1143 34.66 35.61 1280 
V 4.15 3.13 3.64 1475 1268 1377 61.21 39.69 1542 
VI 6.46 6.41 6.44 1428 1451 1440 92.25 93.00 1613 
VII 3.43 3.31 3.37 1465 1502 1484 50.25 49.72 1662 
Vill 11.24 10.51 10.87 1700 1510 1605 191.08 158.70 1798 
Ix 41.14 42.58 41.86 1762 1790 1776 724.89 762.18 1989 
x 14.81 15.31 15.06 1828 1905 1867 270.73 291.66 2091 
1473 1478 
Av. = 1476 
Average D.P. of unfractionated nitrate—1659 (1648 and 1670) 
hCnce D.P. calculated from fractions—1476 (1473 and 1478) 
D.P. values were corrected by using a factor of = 1.12 
Yield on nitration—172.5% (172.0 and 173.0%) 
Solvent Mixtures Used for Fractionation 
Fraction Alcohol Ethyl acetate Fraction Alcohol Ethyl acetate 
10 12 VI 10 24 
it 10 16 VII 10 26 
Til 10 18 VIII 10 28 
IV 10 20 IX 10 30 
V 10 22 x Pure solvent 
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One way to picture the chain-length distribution is 
to plot the percentage weights of the fractions against 
the D.P.’s This procedure results in a step curve 
which shows the percentage weight of the short, me- 
dium, and long chains in the pulp [see Figs. 1-5]. In 
Figs. 6 and 7 the results are represented as differential 
weight distribution curves. These curves were ob- 
tained by point-by-point differentiation of the smooth 
curves into which the step curves of Figs. 1-5 were 
converted by interpolation. In the graphic representa- 
tion, m(P) X 10* is plotted against the degree of 
polymerization. The term m(P) X 10* represents the 
frequency of occurrence of a given molecular weight 
increment. This frequency, when multiphed by the 
increment, gives the total weight of the chains within 


Chain Length Distribution 
Western Hemlock Kraft Pulp 


Degree of Polymerization 


O 20 40 60 80 100 


Percentage Dissolved 


Fig. 1. Chain-length distribution of western hemlock kraft 
pulp 


the increment and the function [m(P)], when in- 
tegrated between given D.P. limits, gives the total 
weight of polymer within those limits. The details 


of the investigation of the five pulps are shown in 
Tables I-V. 
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DISCUSSION 


1. Western Hemlock Pulp 

The actually determined average D.P. of 1481 would 
appear to be within the usual range for unbleached 
kraft pulps. 


Chain Length Distribution 
Red Cedar Kraft Pulp 


Degree of Polymerization 


0 20 40 60 80 100 


Percentage Dissolved 


Fig. 2. Chain-length distribution of western red cedar 
kraft pulp 


The interpretation of the chain-length distribution 
data (Table I, columns 4 and 10) is facilitated by 
grouping fractions of similar D.P.’s together. Thus, 
the values shown in Table VI are obtained: : 


Table VI 
% DUP: 
1 15.58 197 
2 8.40 1230 
BG 1566-1788 
Bh SBS 70) 1930 
100.10 


It is seen from these data that the average D.P. of this 
pulp would have been higher, if there had not been 
present an appreciable amount (15 to 16%) of rather 
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short-chain material (D.P. 197). A further depression 
was caused by the presence of about 8.5% of medium- 
chain material (D.P. 1230). Of the long-chain mate- 
rial, an appreciable amount (about 43%) would ap- 
pear to be rather uniform, being within the relatively 
narrow range of 1566 to 1788. Another appreciable 


Chain Length Distribution 
Douglas Fir Kraft Pulp 


Degree of Polymerization 


O 20 40 60 80 100 


Percentage Dissolved 


Fig. 3. Chain-length distribution of Douglas fir kraft pulp 


amount (about 33%) reached a rather high level—i.e., 
1930. However, it is probable that this last fraction 
contained portions of even higher D.P. (as well as 
material of a D.P. lower than 1930). On the basis of 
this interpretation, this pulp would appear to be of a 
medium degree of uniformity. 


2. Western Red Cedar Pulp 

The average D.P. of western red cedar pulp (1615) 
is higher than that of the previous pulp (1481), and its 
higher average is reflected in its chain-length distribu- 
tion. Again, the results of fractions of similar D.P.’s 
may be grouped together: 
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Table VII 
Jo D.P. 
10.13 130 
3.16 765 
3.30 1238 


22.80 1510-1742 
60.61 1881-1996 


SUR CON 


It is seen that the higher average D.P. of this pulp 
is in line with a shift of the long-chain material to a 
higher level (group 5) which, in addition, comprises 
a larger percentage than that of the highest level of 
the western hemlock pulp (see group 4 of Table VI). 
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Fig. 4. Chain-length distribution of eastern spruce un- 


bleached kraft pulp 


Accordingly, the percentage of group 4 in the present 
pulp was smaller. It is of interest to note that this 
pulp also contained certain, though slightly smaller, 
amounts of very short-chain material (even shorter 
than that present in the previous pulp) and of medium- 
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chain material (groups 1 and 3). In addition, there 
was a small amount of material ranging between the 
very short and the medium materials (group 2). Al- 
though an appreciable percentage of this pulp ranges 
between rather narrow limits (group 5), the rest would 
seem to be somewhat more heterogeneous than that 
found for the western hemlock pulp; however, the 
difference in the over-all picture of the two pulps 
must be regarded as small. Thus, both pulps would 
appear to be of rather similar type. 

It should be added that the western red cedar pulp 
(see Table II) was divided into nine instead of eight 
fractions. This was done because there was still a 
considerable residue after the seventh fraction had 


Degree of Polymerization 


Chain Length Distribution 


Pine Kraft Pulp 
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Fig. 5. Chain-length distribution of loblolly pine un- 


bleached kraft pulp 


been extracted. However, no further subdivision was 
obtained by the use of the 10-28 mixture; in fact, the 
seventh, eighth, and ninth fractions were all rather 
close together. 
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3. Douglas Fir Pulp 

Douglas fir pulp had the highest average D.P. 
(1695) and the chain-length distribution data (again 
from nine instead of eight fractions) show that the 
long-chain material was at a considerably higher level 
and that a higher percentage of this was present than 
in the other two pulps. This is also seen when similar 
fractions are grouped together. 


Table VIII 
4 % Dien 
js P41 121 
2. 4.75 1052 
3. 138.32 1604-1742 
4, 33.78 1839-1930 
5. 2114-2240 


35.29 


Whereas the western red cedar pulp contained about 
60% of material ranging from 1881 to 1926, the 
Douglas fir pulp contained about 69% of material be- 
tween 1839 and 2240. In addition, there was less of 
the long-chain material of the D.P. range of 1604 to 
1742, which is considered as group 3 (compare with 
group 4 of Table VII). The presence of medium- and 
very short-chain materials (groups 2 and 1) would 
seem to simulate the situation encountered in the red 
cedar and hemlock pulps. 


On the whole, the Douglas fir pulp appears to be 
more heterogeneous than the other two pulps from 
western woods. This might be the result of a milder 
cook or of a greater resistance of Douglas firwood to 
pulping, as compared with the other two woods. 
Whatever the reason, the chain-length distribution 
of the carbohydrate material, as it originally existed 
in the Douglas firwood and which may reasonably be 
assumed to be very nonuniform, would seem to be more 
preserved than in the other two pulps which show the 
homogenizing influence of the pulping procedure to a 
greater extent. Although still unknown counteracting 
influences might have been operative, its chain-length 
distribution would lead us to expect that the Douglas 
fir pulp is a stronger pulp than the two others. On 
the same basis, the latter two would be expected to 
show similar strength properties, although slightly 
higher values might be found for the western red cedar 
than for the western hemlock pulp. 


4. Eastern Spruce Pulp 


The results for eastern spruce pulp are shown in 
Table IV. 

The average D.P. of the eastern spruce pulp (1619) 
is somewhat closer to that of the western red cedar 
pulp (1615) than to that of the Douglas fir pulp 
(1695). However, its chain-length distribution is more 
comparable with that of the latter. 


This is seen when fractions of similar D.P. are 
erouped together. 


The somewhat lower average D.P. of the eastern 
spruce pulp, as compared with that of the Douglas 
fir pulp, obviously results from the presence in the 
former of a somewhat greater percentage of low D.P. 
material (groups 1 and 2). In addition, there are a 
few per cent of medium D.P. material (group 3) 
which was not found in the Douglas fir pulp. 
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This interpretation seems to be confirmed by the 
chain-length distribution diagrams (Fig. 4) and by the 
differential weight distribution curves (Fig. 7). The 
differential weight distribution curves for the western 


Table IX 
% D.P. 
15.42 116 
4.01 950 
3.95 1233 


15.82 1546-1702 
20.83 1756-1935 
39.97 2094-2206 


DOT 0 NO 


wood pulps are shown in Fig. 6. However, in com- 
paring curve 1 of Fig. 7 with curve 3 of Fig. 6, it will 
be noticed that the first maximum (“hump”) shown 
by the eastern spruce pulp is less pronounced than 
that shown by the Douglas fir pulp. 


5. Loblolly Pine Pulp 


The results for the loblolly pine pulp are shown in 
Table V. 

The yield on nitration (172.5%) was again in agree- 
ment with that found for the previously investigated 
pulps.. Although its average D.P. (1659) is somewhat 
closer to that of the Douglas fir pulp (1695) than to 
that of the red cedar pulp (1615), its chain-length 
distribution is more comparable with that of the latter. 


m(P)x 104 
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Degree of Polymerization 


Fig. 6. Differential weight distribution curves of (1) 
western hemlock kraft pulp, (2) western red cedar kraft 
pulp, and (3) Douglas fir kraft pulp 


This is seen from a comparison of the grouping of 
fractions of similar D.P. The same similarity between 
the two pulps is revealed in their chain-length dis- 
tribution diagrams (Fig. 5). 


Table X. Percentages and D.P. Ranges of Five Kraft Pulps 


Medium- 
Short-chain Long-chain chain 
material material material, 
Pulps % DAP: % ID %o 
Western hemlock 16 200 76 1560-1930 8 
Western red cedar 10 130 83 1510-1946 7 
Loblolly pine 10 96 81 1542-2091 9 
Douglas fir 13 121 82 1604-2240 5 
Eastern spruce 15:58 L1G Ue 1546-2206 7.5 


From a comparison of the five pulps on the basis 
of the step curves, it would seem that the eastern 
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spruce pulp could be classified with the Douglas tir 
pulp, whereas the loblolly pine pulp would seem to 
be closer to the western red cedar and the western 
hemlock pulps. A characteristic of all five pulps is. 
that they contain similar relatively small amounts 
of very short-chain material and similar large amounts 
of long-chain material, the remainder ranging between 
the two extremes (see Table X). 
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Fig. 7. Differential weight distribution curves of (1) 
eastern spruce unbleached kraft pulp and (2) loblolly pine 
unbleached kraft pulp 


The results of this study lead to the conclusion that 
the method of fractional solution has its limitations 
and that, for a more thorough separation of the high 
molecular weight fractions of a given cellulosic mate- 
rial, other techniques will have to be used. It is 
apparent from the study that the distribution of mo- 
lecular weight of the cellulose as measured by the 
method used does not play any primary part in the 
physical properties of those pulps. 

The curves drawn to illustrate the differential weight 
distribution by degrees of polymerization show each 
pulp to have a different curve. The one pulp having 
an outstandingly different curve is that of western red 
cedar; 60% of this particular pulp is found in a 
narrow range of polymerization degree—between 1742 
and 1986 (see Table VII). 

On the basis of the viscosities of the unfractionated 
pulps and assuming that high viscosity means high 
strength, the pulps would be arranged in order of 
ascending strengths as follows: hemlock, cedar, 
spruce, pine, and fir. Actually, in terms of bursting 
strength, the order of rising progression is—fir, pine, 
hemlock, spruce, and cedar; a rise in tear is found in 
the order: spruce, cedar, hemlock, pine, and fir. The 
average degrees of polymerization of all these pulps 
are high and, with the possible exception of the much 
lower value for hemlock, are about the same; the 
futility of attempting to use viscosity alone as an 
index of strength in the comparison of pulps from 
different woods can be seen. 

The particular value of pulp fractionation appears 
to be in the selection of pulps for rayon manufacture 
where random distribution of molecular sizes is unde- 
sirable. The determination of the unfractionated vis- 
cosity is valuable in the control of a process using the 
same raw material for the preparation of a specific 
type of bleached pulp. 

Recetvep Oct. 10, 1949. Presented at the Fall Meeting of the Technical 


Association of the Pulp & Paper Industry, Multnomah Hotel, Portland, 
Ore., Sept. 11-15, 1949. 
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The Characteristics of Unbleached Kraft Pulps from Western 
Hemlock, Douglas Fir, Western Red Cedar, Loblolly Pine, 
and Black Spruce 


VI. The Orientation of Cellulose Chains in Pulp Fibers as Measured by 
X ray Diffraction 


G. L. CLARK 


An x ray diffraction method for evaluating quantitatively 
the type and degree of orientation of cellulose crystallites 
was applied on pulps of the five woods under study. A 
modification of the procedure gave significant results: 
the order of decreasing preferred orientation being Douglas 
fir, spruce, cedar, hemlock, and loblolly pine. 


In 1933 Sisson and Clark (1) proposed the ex- 
perimental x ray diffraction method for evaluating 
quantitatively the type and degree of orientation of 
cellulose crystallites (and thereby the molecular 
chains) in various fibers. A single fiber, a parallel 
bundle of fibers, or a wood section is arranged so that 
a beam of x rays will pass through the specimen per- 
pendicular to the fiber axis. The diffraction pattern 
is registered on a flat photographic film, usually at a 
distance of 5 cm. from the specimen. The method 
is based upon the assumption that the distribution of 
crystallites around the pencil of x rays is proportional 
to the distribution of intensity around the strong 002 
diffraction ring of cellulose. Thus, a random orienta- 
tion would be indicated by a continuous ring of uni- 
form intensity, whereas a highly oriented state of 
the crystallites would be manifested by sharp inten- 
sity maxima on the equator of the ring (3 and 9 
o’clock positions) with only faint evidences, if any, of 
the ring at the poles (12 and 6 o’clock positions). 
Intensity measurements are made with a microdensi- 
tometer equipped with a rotating stage. The distribu- 
tion of crystallites as the percentage over each 5° 
angular range is calculated from these intensity values 
and the orientation is expressed by distribution curves 
which may be differentiated from one another by 
statistical methods. It was also shown (1) that the 
data thus obtained may be used to study the struc- 
ture of various fibrous materials and to predict physi- 
cal and chemical properties which are related to aniso- 
tropic structure, such as the tensile strength and 
elongation of cords. 

Since 1933, this method has been used repeatedly 
and successfully for the comparison of various cellu- 
lose specimens. The newest application is to the com- 
parison of wood pulps prepared from five kinds of 
wood. 

Patterns were first made through a layer of the 
pulp with the fibers undisturbed and at random. This 


G. L. Cuark, University of Illinois, Urbana, IIl. 
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gave the typical cellulose pattern with complete rings 
exactly as expected. The visual inspection indicated 
very little difference from one pulp to another, al- 
though there was a quantitative difference in breadth, 
indicative of micellar size which varies to some extent 
from one species of wood to another. However, far 
more significant results were obtained by devising a 
technique whereby a small parallel bundle of individ- 
ual fibers could be studied; this technique resulted in 
the patterns illustrated in Fig. 1. These are remark- 
ably clear for wood cellulose and there is an amazing 
and distinct variation in the degree of preferred orien- 
tation in the individual fibers. As demonstrated 
many times, the higher the degree of preferred orienta- 
tion, the greater the tensile strength but the smaller the 
pliability or elasticity, swelling properties, felting 
ability, etc. The degree of preferred orientation is in- 
dicated by the sharpness of the equatorial ares of high 
intensity lying on the cellulose rings. In the order of 
decreasing preferred orientation, the series is very 
clearly as follows: 

1. Douglas fir. This preferred orientation almost 
reaches that in ramie or flax and is exceptionally high 
for wood. There is a rather short intense band and, 
superposed upon this, almost a sharp spot right on 
the equator, which indicates a large proportion of the 
crystallites in almost perfect orientation parallel with 
each other and with respect to the fiber axis and the 
remaining crystallites in another group of preferred 
positions. 


Fig. 1. 
(1) Douglas fir; 
(5) loblolly pine. 


X ray diffraction patterns for wood pulp samples 


(2) spruce; (3) hemlock ; 


(4) cedar; and 
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INTENSITY (REDUCED TO SAME SCALE FOR ALL SAMPLES) 


—— | 
60 40 20 o° 20 40 60 
ANGLE TO FIBER AXIS 
Fig. 2. Intensity distribution curves for strongest diffrac- 
tion rings on patterns in Fig. 1 
(1) Douglas fir; (2) spruce; (3) hemlock; (4) cedar; and 
(5) loblolly pine. 


2. Spruce 
3. Cedar 
4. Hemlock 


5. Loblolly pine 

This last sample has only faint evidence of pre- 
ferred orientation in the individual fibers. This is 
not a matter of variation between the fibers, but repre- 
sents the structure within the individual fibers. It 
has occurred to us that this order may in some ways 
correspond with the rate of growth even under the 
same growing and weather conditions, as well as with 
other characteristics of each species of tree. 

It is possible to make quantitative measurements 
with the microphotometer and to obtain a complete 
distribution curve of the orientation. In the present 
instances, the chords of the ares on the patterns give 
a rapid approximate rating of preferred orientation 
with the following results: 


IDGUGIEENTIP gos gpatoon poten OAS nOnBE aac 0.8 and 1.7 cm. 
SONGS out oft ton d ama c OC ego CO Gen DAMA aEae 2.0 cm. 
(CORNCEIP Ua So SO 8e Gt DOPE On te Oras 2.3) CMs 
Rem csasice dou ae oee coer acne Coeaans 2.4 cm. 
WoplellyapinGsseccdteae sce rss sie cs ee 4) soso 3.0 cm. 


The differences between Douglas fir, three inter- 
mediate pulps, and loblolly pine can be clearly seen. 
Douglas fir shows the shortest and most clearly defined 
arcs. Loblolly pine, in contrast, has an indefinite dia- 
gram which shows only faint evidence of preferred 
orientation. 

The intensity curves (Fig. 2), plotted from micro- 
densitometer readings, show more convincingly that a 
large proportion of the crystallites are in almost per- 
fect orientation with the remaining crystallites in 
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another group of preferred orientation. These curves 
have all been reduced to the same scale for purposes 
of illustration. The inner curve (1) is fir; where the 
first ordinate for the top crosses this ¢urve is the loca- 
tion of 5° deviation from perfect on the abscissa. This 
same point for spruce is at an angle of 10.5°; for hem- 
lock, 13.5°; for cedar, 19°; and for pine, 23°. This 
means that the same percentages of the cellulose crys- 
tallites in the five fibers are oriented to the degrees 
indicated from perfect orientation. The curves may 
be redrawn as in Fig. 3 from calculations of the per- 
centage of crystallites over each 5° angular range. 
Only one quadrant or 90° is required [that is from 0 
to 90° to the fiber axis (or from intensity values from 
the 12 to 3 o’clock positions) ], but checks can be made 
by the use of values from 3 to 6, 6 to 9, and 9 to 12 
o’clock positions, since these should be uniform. The 
intensities for each 5°, corrected for background fog- 
ging on the film, are added and the ratio of any given 
value to the total summation gives the percentage. 

A later study made with the spring- and summer- 
wood pulp fibers of Douglas fir showed that the fiber 
orientation of the summerwood fibers is vastly more 
perfect than is the case for the springwood fibers. 
This should be reflected in increased tensile strength, 
resistance to chemical action, and other similar proper- 
ties. Experience shows that the summerwood pulps 
possess high tear and low bursting strength, whereas 
the springwood pulps are high in bursting strength 
and low in tear. 

The application of these x ray data to the physical 
properties of pulps and paper has not as yet been 
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Fig. 3. Preferred orientation in pulp fibers as indicated 
by the percentage of crystallites over 5° angular ranges as 
a function of the angle to the fiber axis 

[No. 1 (Douglas fir) is mostly highly oriented, and No. 5 
(loblolly pine) is most nearly random.] (1) Douglas fir; (2) 
spruce; (3) hemlock; (4) cedar; and (5) loblolly pine. 
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worked out. Certainly a very large field of research 1s 
indicated and results of value in explaining the 
strength properties of pulps may be expected. 
~ A large volume of work has been done relating the 
properties of natural textile fibers and their x ray 
structures. As orientation increases, the luster in- 
creases and the depth of dyeing decreases. The ten- 
sile strength increases and elongation decreases. In 
ramie, the cellulose crystallites have an orientation 
almost parallel to the fiber axis. Ramie fibers have 
the greatest tensile strength of all natural fibers but 
are relatively brittle and weave into a harsh fabric. 
Alignment makes for strength and rigidity in the fiber 
direction but brittleness across the fiber. In cotton, 
the crystallites are inclined at an angle to the fiber 
axis; cotton does not have the tensile strength of ramie 
but is resilient and weaves into a softer fabric. The 
crystalline part of the fiber is responsible for tenacity, 


resistance toward bending, and high modulus of elas- 
ticity. Amorphous parts cause softness and are con- 
cerned with swelling. 

Thus, it is logical to interpret the Douglas fir pat- 
tern as indicative of higher fiber tensile strength, lower 
pliability and elasticity, and lower swelling and felt- 
ing properties. In a general way, these are the charac- 
teristics of Douglas fir. The pine picture, on the other 
hand, suggests a pulp fiber of the opposite characteris- 
tics. 

Whatever the application and significance, here is 
an outstanding difference between Douglas fir and the 


other pulp fibers. 
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The Characteristics of Unbleached Kraft Pulps from Western 
Hemlock, Douglas Fir, Western Red Cedar, Loblolly Pine, 
and Black Spruce 


VII. Comparison of Springwood and Summerwood Fibers of Douglas Fir* 
W. F. HOLZER and HARRY F. LEWIS 


Springwood and summerwood of Douglas fir were separated 
by hand methods and cooked separately by the kraft 
process. Springwood pulp is characterized by a high 
bursting strength, low tear, and considerable cutting of 
the fiber in beating. Summerwood pulp is characterized 
by a low bursting strength, high tear, and only mild 
fibrillation in beating. Specific surface of springwood 
pulp is initially quite high, changes very little on beating 
during most of the cycle, and then increases rapidly toward 
the end. Summerwood pulp has a low specific surface 
initially which increases regularly with beating and rapidly 
at the end of the cycle to values higher than those of 
springwood. 


A PROMINENT visual and structural characteris- 
tic of Douglas fir (Pseudotsuga taxifolia) wood is the 
abrupt change from springwood to summerwood in the 
annual rings. In addition the summerwood region is 
unusually hard for a coniferous tree and is made up 
of fibers having thick walls with almost no lumen; 
whereas the springwood region is much softer and 
fibers from it are large in diameter with much thinner 
walls and large lumens. 


In a study at the U. 8. Forest Products Laboratory 
in 1938 (1) the springwood and summerwood of south- 
ern pine were separated by hand, small amounts pulped 
separately, and handsheets made from the unbeaten 
pulps. The springwood sheets were hard and dense 
with a smooth surface while those from summerwood 
were soft, bulky, and had a rough, wooly surface. The 
nature of the rings of Douglas fir indicated that such 
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an experiment on this species would be desirable in 
an extensive study of the physical and chemical proper- 
ties of the wood and pulps, and would probably yield 
information on the relation of wood properties to the 
pulp properties. 


EXPERIMENTAL 


Chips of separated springwood and summerwood 
were prepared by hand. First, the blocks were sawed 
into ?/4-inch cards at right angles to the grain, and 
these cards were chipped with a chisel, alternately 
cutting off a springwood and a summerwood portion. 

This hand separation was facilitated by selection of 
a wood sample that had annual rings averaging 1/4 
to */s inches in width, divided about equally between 
springwood and summerwood. About 4 pounds dry 
weight of each sample were prepared. 


Kraft pulps were prepared in a stainless-steel auto- 
clave with a capacity of about 4 liters which was 
heated by laboratory gas burners. The autoclave was 
protected from the direct flame and heat was distrib- 
uted up the sides by a steel baffle at the bottom, and 
a jacket, asbestos insulated externally, which left 
an air space of about an inch around the autoclave. 
A valve for relief, a pressure gage, and a thermometer 
well constituted its fittings. 


The chips, having become air-dried in preparation, 
were soaked in water over night before cooking. The 
chips were charged into the autoclave, and chemical 
amounting to 17 to 19% of active NasO on the basis 


* This work was carried out by the members of the staff of the Central 
Research and Technical Department, Crown Zellerbach Corporation, Camas, 
Washington, and of The Institute of Paper Chemistry, Appleton, Wisconsin, 
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of dry wood was added together with sufficient water 
to cover the chips. 

The autoclave was heated with gas burners to 
175°C. in 90 minutes, and held at temperature for 45 
minutes. Air was relieved at temperatures below boil- 
ing and finally swept out by steam. 

At the end of the cook the pressure was relieved 
rapidly to atmosphere, and the pulp was washed, 
disintegrated, and screened. Pulp and_ screenings 
yields were determined and permanganate numbers 
and beater tests run on each pulp. Tests were run 
according to standard TAPPI procedures T 214 m-42, 
T 200 m-45, T 205 m-47, T 227 m-46, and T 220 m-46, 
respectively. 

At each beating interval a sample was taken for 
specific surface measurements at The Institute of 
Paper Chemistry. These tests were run according to 
Institute Method 419 modified as described in the Re- 
search Bulletin (Institute of Paper Chemistry) (2). 


DISCUSSION OF RESULTS 


Density tests run on the chips gave expected but 
rather startling results (see Table I). Summerwood 
with a density of 39.1 pounds per cubic foot was over 
twice as heavy as springwood with a density of only 
18.6 pounds per cubic foot. 

Pulp yields were low and erratic due to high screen- 
ings from the dry chips, and poor circulating conditions 
in the autoclave. No significant differences are vis- 
ible in the data. 

In the autoclave it has been found desirable to cook 
with rather high chemical charge because of the high 
dilution necessary to cover the chips with liquid. It 
will be noted that the springwood on a similar time 
temperature cycle, and an even higher chemical charge 
tended to cook considerably slower than the summer- 
wood as evidenced by a permanganate number of 
nearly 35 for the former as against one of only 25 
for the latter. 

Fractionation in a Bauer-McNett Classifier showed 
that the summerwood had an appreciably higher per- 
centage of very long fibers, but the two pulps were al- 
most identical in the short fractions. 

It should be noted that a microscopic check of the 
pulps indicated an effectiveness of about 80% in 
separation of springwood and summerwood fibers. 

Handsheets made from the two pulps were decidedly 
different in properties (Table II, Fig. 1). Springwood, 


Table I. Cooking and Pulp Data 
Whole 
— Springwood— —Summerwood— —Wood— 
Wood density, 

Ib./cu. ft. 18.6 39.1 27.2 
Cook No. i SS ASS: . 6 ty 
Active Na2O on 

wood, % W7e Kg IS) ile Sef a itr/ 18 18 
Time to 175°C., min. 90 90 -80 90 105 90 95 90 
Time at 175°C., min. 45 45 50 45 40 45 45 45 


36.5 348 33.0 25.5 26.1 246 26.7 288 


Permanganate No. 
35.9 36.9 369 42.2 364 334 375 41.1 


Screened pulp, % 


Screenings, % 1A 12/3 eee O lee 1123) 105-658 
Fractionation: 
Retained on 14 mesh 30.8 442 36.6 
Retained on 20 mesh 39.2 29.2 34.7 
Retained on 35 mesh 20.5 17.8 ORLA 
Retained on 150 mesh 6.7 6.7 6.4 
Passed 150 mesh 28 Mel 1.2 
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Fig. 1. Physical tests of springwood and summerwood 
pulps 


even unbeaten, gave a hard, tinny sheet and became 
quite translucent on beating. Summerwood, unbeaten, 
was very soft, bulky, and had a very rough surface. 
After beating, it resembled the unbeaten springwood 
in texture. 

Tests were in the ranges that would be predicted 
from the appearance of the sheets. Springwood had a 
very high-initial burst, and on beating developed this 
test to excellent levels, but its tear was comparable to 
sulphite pulps. Burst of summerwood started low 
and rose slowly to a much lower maximum, but the tear 
was exceptionally high. Apparent density (basis 
weight divided by the caliper in mils) followed the 
burst curves. For springwood it started high and rose 
to still higher levels. For summerwood, it started 
very low, became equal to the initial springwood sheet 
only after 40 minutes beating, and required 70 minutes 
beating to equal the 10-minute springwood sheet. 

At the end of the beating treatment, the thick- 
walled summerwood fibers exhibited almost no cutting 
and only a mild degree of fibrillation, even though 
the stock had become so slow that it was difficult to 
make a sheet: Springwood, on the other hand, was 
severely cut and extensively fibrillated. These ob- 
servations are in close agreement with the tearing 
strengths of the respective pulps. 

Specific surface measurements made on samples of 
these pulps taken at various times in the beating cycle 
are fairly regular and as consistent as experience with 
this procedure would lead one to expect (Table II, 
Fig. 2). 

On the springwood the specific surface had an initial 
value of 15,050 square centimeters per gram, rose 
slightly on 10 minutes beating, then remained sub- 
stantially constant for 50 minutes, and finally rose 
sharply to 23,360 square centimeters per gram at the 
end of 90 minutes beating. The specific surface of 
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summerwood pulp started much lower at 10,045 square 
centimeters per gram, rose regularly with beating until 
it equaled that of springwood pulp at between 50 and 
60 minutes beating, and then rose rapidly to reach 
24,530 square centimeters per gram after 70 minutes 
beating. 

When specific surface is compared to freeness, it 
will be seen that springwood fiber is consistently freer 
at a given surface than summerwood fiber. This seems 
in logical agreement with the observed tendency of 
springwood fiber to cut on beating while summerwood 
fiber tends to develop a very fine fibrillation. 

Both burst and apparent density when plotted 
against specific surfaces give similar curves. The 
initial tests of springwood fiber are almost identical 
to the 40-minute sample of summerwood fiber. The 
springwood then maintains a much higher value for a 
given surface than the summerwood, and at freenesses 
in the range of 300 to 400 ml., both show a tendency 
for the fiber to increase rapidly in area without corre- 
sponding change in other tests. This seems in agree- 
ment with the usual bursting strength development 
curve in which the general breakdown of the fiber 
structure at about this freeness reduces ultimate fiber 
strength faster’ than fiber-to-fiber bond can be in- 
creased, and the curve reaches or approaches a maxi- 
mum. 

An x ray diffraction study was made on the Douglas 
fir springwood and summerwood through the coopera- 
tion of George L. Clark of the University of Llinois. 
Using a special technique in which small bundles of 
parallel fibers were examined, it was found that the 
summerwood fibers exhibited an unusually high de- 
gree of preferred orientation among the crystallites, 
whereas springwood fibers were found to be much more 
amorphous. 


Table II. Physical Pulp Tests 
Beating Specific 
time, Burst, Apparent Freeness surface, 
min. % Tear, g. ensity C.S8., ml. sq. cm./g. 
Springwood 

0 127 1.60 10.2 685 15,050 
10 174 1.30 11.4 675 16,360 
20 191 iia 11.8 660 16,320 
30 197 thls 1252) 650 16,780 
40 206 1.08 12.5 610 15,850 
50 208 1.06 12.9 O80 batretae 
60 208 0.98 12.8 515 16,960 
70 214 1.05 12.6 ADS aI) Pale 
80 222 1.02 13.6 315 20,130 
90 216 0.94 3.7 215 23,360 

Summerwood “ 

0 26 2.70 6.4 745 10,015 
10 66 4.79 8.3 745 rik 
20 94 4.79 9.4 715 13,045 
30 114 3.70 9.8 G65", ae osheee 
40 128 3.44 10.2 575 14,990 
50 139 3.23 10.5 440 16,665 
60 152 2.90 10.6 290 17,845 
70 160 2.63 11.4 145 24,530 

Whole Wood 

0 58 3.59 WP 20 eee 
10 101 4.33 9.0 LOS Ae: 
20 129 2.87 9.7 (OORT, fern 
30 143 2.59 9.9 C7OF eae 
40 157 2.50 HORS 625 ais 
50 162 2.25 IO .2 LYM 0 oodles 
60 167 2.23 10.9 485 a eee ee 
70 172 2.01 IM 2 B10.) ae get 
80 183 1.94 HS 280 non: Geter 
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Fig. 2. Relation of specific surface to physical properties 

This result is in excellent agreement with the charac- 
teristic behavior of the two fibers as reported here. A 
greater degree of molecular orientation would logically 
cause: 

1. Stiff fibers, resulting in a bulky sheet with rough 
surface. 

2. Reduced surface activity, resulting in weaker 
fiber-to-fiber bonds and lower burst. 

3. Greater resistance to beating, as indicated by the 
low amount of cutting and only fine fibrillation of the 
summerwood fibers. 

All these were the characteristic behavior of the 
summerwood fibers. 

There has been almost no application of x ray 
diffraction studies of fibers in the field of paper, other 
than by analogy. While the results on this species may 
be unusual, they are certainly suggestive of a new 
field of research. 


CONCLUSIONS 


The physical separation of Douglas fir springwood 
and summerwood fibers, even in 80% purity indicates 
that pulps from this species at least, are a mixture 
of two very different types of fiber. This type of 
study has been very little used probably because of 
the tedious techniques involved in the separation. The 
results are, however, indicative of a method that might 
well explain some of the seeming anomalies in the 
behavior of various samples of wood even in the same 
species. 
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PERSONAL MENTION 


Items About New and Old Tappimen 


New TAPPI Members 


C. Gerald Albert, Technical Director, Edgar Brothers Co., 
McIntyre, Ga., a 1935 graduate of Johns Hopkins University 
with a Ph.D. degree. 

Arthur Aronoff, Student, New York State College of Fores- 
try, Syracuse, N. Y. iy 

Marshall L. Barker, Consulting Engineer, Beckett Paper 
Co., Hamilton, Ohio, a 1921 graduate of Rensselaer Poly- 
technic Institute with an M.E. degree. 

Larry D. Brice, Engineer’s Assistant, Union Bag & Paper 
Corp., Savannah, Ga. Attended Georgia School of Tech- 
nology. 

Willard E. Carlson, Student, The Institute of Paper Chem- 
istry, Appleton, Wis., a 1947 graduate of Iowa State College 
with an M.S. degree from Lawrence College in 1949. 

Pauline C. Y. Chu, Student, University of Maine, Orono, 
Me., a 1944 graduate of Ginling College, China. 

Sydney A. Collicutt, Superintendent of Technical Services, 
Powell River Co. Ltd., Powell River, B. C., Canada, a 1939 
graduate of British Columbia College. 

John R. Crawford, Research Dept., Pabst Brewing Co., 
Milwaukee, Wis., a 1941 graduate of Tufts College. 

Gustavo Delfino, Technical Director, C. A. Fabrica de Papel 
de Maracay, Caracas, Venezuela. 

LeRoy 8. Dieffenbach, Chemical Engineer, Robert Gair Co.., 
Uncasville, Conn., a 1949 graduate of the University of Maine. 

John F. DuBeau, Chief Chemist, Somerville Ltd., Crumlin, 
Ont., Canada, a 1938 graduate of University of Toronto with 
an M.A. degree in 1939. 

William H. Funk, Development Engineer, Lukens Steel 
Co., Coatesville, Pa., a 1949 graduate of Drexel Institute of 
Technology. 

Raymond A. Greene, Sales Representative, Monsanto Chem- 
ical Co., Merrimac Div., Everett, Mass., a 1947 graduate of 
Virginia Polytechnic Institute with an M.S. degree. 

Lana K. Hammond, Serials Librarian, Denver Public Li- 
brary, Denver, Col. 

John D. Hankey, Technical Assistant, The Institute of 
Paper Chemistry, Appleton, Wis., a 1948 graduate of New 
York State College of Forestry. 

C. Raymond Humphries, Research Chemist, Minnesota 
Mining & Manufacturing Co., St. Paul, Minn., a 1940 gradu- 
ate of Pennsylvania State College. 

Irving H. Isenberg, Research Associate, The Institute of 
Paper Chemistry, Appleton, Wis., a 1931 graduate of New 
York State College of Forestry, with a Ph.D. degree from the 
University of California in 1936. 

James H. Kirk, Section Leader, Sinclair Refining Co., 
Harvey, Ill., a 1929 graduate of Pennsylvania State College. 

Louis O’D. Lee, Consultant and Investor, New York, N. Y. 
Attended the University of Virginia. 

Lars E. Leje, Assistant to President, Leje & Thurne A/B, 
Stockholm, Sweden. 

Gerald L. MacKinnon, Supervisor of Raw Materials, Rogers 
Corp., Goodyear, Conn., a 1945 graduate of Massachusetts 
Institute of Technology. 

John M. Newton, Director, Technical Sales Service, Clinton 
Foods, Ine., Clinton, Iowa, a 1941 graduate of Iowa State 
College. 

William E. Parfitt, Sales Manager, Blaw-Knox Construc- 
tion Co., Pittsburgh, Pa. Attended Carnegie Institute of 
Technology. 


TAPPI e« February 1950 Vol. 33, No. 2 


Charles L. Peckham, Technical Assistant, The Institute of 
Paper Chemistry, Appleton, Wis., a 1947 graduate of New 
York State College of Forestry. 

Donald V. Redfern, Technical Director, American-Marietta 
Co., Seattle, Wash., a 1939 graduate of University of Wash- 
ington. 

Carlos G. Robles, President, Garcia Robles, S.A., Mexico 
City, Mexico, a 1927 graduate of the University of London. 

Orville K. Schmied, Technical Director and Sales, Cochran 
Foil Co., Louisville, Ky., a 1932 graduate of the University of 
Louisville, with an M.S. degree in 1933. 

Eric R. Smath, Staff Engineer, Alvin H. Johnson & Co., Inc., 
New York, N. Y., a 1925 graduate of Oregon State College. 

Frank J. Spinar, Forest Products Economist, United States 
Army, NRS, GHQ., SCAP, Tokyo, Japan. Attended Uni- 
versity of Wisconsin and Central YMCA College. 

Edwin I. Stearns, Sectional Director, Calco Chemical Div., 
American Cyanamid Co., Bound Brook, N. J., a 1945 gradu- 
ate of Rutgers University with a Ph.D. degree. 

James D. Stephens, Sales Engineer, The Babcock & Wilcox 
Co., New York, N. Y., a 1942 graduate of Syracuse Univer- 
sity. 

Victor J. Sutton, Executive Director, Bowaters Develop- 
ment & Research Ltd., London, England. 

W. Arthur Thomas, Plant Engineer and Assistant Mill 
Manager, Chillicothe Paper Co., Chillicothe, Ohio, a 1931 
eraduate of Tri-State College. 

William M. Thompson, Chemical Engineer, West Virginia 
Pulp & Paper Co., Luke, Md., a 1939 graduate of West Vir- 
ginia University. 

Freeling M. Truesdale, Technical Service, Nekoosa Ed- 
wards Paper Co., Port Edwards, Wis., a 1927 graduate of 
University of Michigan. 

Harold D. Wells, Jr., Vice-President, American Paper 
Machinery & Engineering Works, Inc., Glens Falls, N. Y., a 
1942 graduate of Union College, Schenectady. 

Francis O. Whipple, Student, Oregon State College, Cor- 
vallis, Ore., a 1948 graduate of Reed College. 

Juan P. Zamboni, Director General, Papelera Rio Parana 
S.A., Buenos Aires, Argentina. Attended Engineers Indus- 
trial University, Buenos Aires. 

Harry Zimerl|, Structural Engineer, Frederick L. Smith Co., 
New York, N. Y., a 1930 graduate of Cooper Union Institute 
of Technology. 


TAPPI Notes 


Harold R. Alley is now in Okinawa as a civilian Industrial 
Engineer with the Department of the Army to head the in- 
dustrial development activities for Military Government, 
Ryukyus Command. 

Le Roy J. Bauer, Sales Engineer for the Black Clawson Co., 
is now with B-C International, Victoria, London, 8. W. 1, 
England. 

Cornelius Betten, Jr., of the Champion Paper & Fibre Co., 
has been transferred from Canton, N. C., to the Research and 
Development Dept. at Hamilton, Ohio. 

Robert E. Bundy is now Vice-President in charge of Produc- 
tion, Fibreboard Products, Inc., San Francisco, Calif. 

William H. Byron, formerly of the N. Y. State College of 
Forestry is now a management trainee with the Hammermill 
Paper Co., Erie, Pa. 
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Eugene F. Donnelly, Jr., formerly of the West Virginia Pulp 
& Paper Co., is now Assistant to the Plant Manager, Flintkote 

Co., Little Ferry, N. J. q 
» - Bernard F. Hale, formerly of Shartle Bros. Machine Co., is 
now with Chas. T. Main, Inc., Boston, Mass. 

W. F. Hathaway is now Assistant Manager of Paper Manu- 
facture, Kalamazoo Vegetable Parchment Co., Parchment, 
Mich. 

Ching-Y win Hsu, formerly of the University of Maine is now 
in the Technical Dept., Taiwan Pulp & Paper Co., Taipah, 
Formosa, China. 

Harold G. Ingraham, formerly Chief Engineer for the Bird 
Machine Co., for 18 years has joined the staff of Chas. T. 
Main, Inc., Boston, Mass., in their Pulp and Paper Division. 

Hugo Klein is now Vice-President of RC Reproduction 
Products, Los Angeles, Calif, 

Francis J. McAndrews, formerly of Sonoco Products Co., is 
now Assistant to the General Superintendent, George O. 
Jenkins Co., Bridgewater, Mass. 

James H. McClure, formerly of the St. Regis Paper Co., is 
now Chief Industrial Engineer, Sherman Paper Products Co., 
Newton Upper Falls, Mass. 

Charles A. Morton, Jr., formerly of Doubleday & Co., is 
now Service Engineer for the West Virginia Pulp and Paper 
Co., 230 Park Ave., New York, N. Y. 

Richard J. Murtaugh is now Technical Director of the Dunn 
Paper Co., Port Huron, Mich. 

Leo P. Newton, formerly of the Rushmore Paper Co., is now 
Assistant Plant Superintendent, Dunn Paper Co., Port 
Huron, Mich. 

Roy D. Rivers, formerly of Industria, Inc., Sao Paulo, 
Brazil, is now Superintendent, Longview Fibre Co., Long- 
view, Wash. 

M. E. Sanford is now General Production Manager, Fibre- 
board Products, Inc., San Francisco, Calif. 

Arthur J. Saunders, formerly of Sidney Roofing & Paper 
Co., Ltd., is now a Consultant on Manufacturing and Engi- 
neering at 317 Pemberton Bldg., Victoria, B. C. 

Ellman R. Smith is now Mill Manager, Union Mills Paper 
Mfg. Co., New Hope, Pa. 

William A. Strieker, recently of the Univ. of Illinois is now 
with the Atlas Mineral Products Co., Mertztown, Pa. 

George H. Whiteside is now Paper Mill Superintendent, Con- 
tainer Corp. of America, Fernandina, Fla. 

George L. Witham, formerly of Ciba Co., Inc., is now Sales 
Engineer for Orr Felt & Blanket Co., Mobile, Ala. 

Curt A. Young, formerly of the West Virginia Pulp & Paper 
Co., is now Manager of Engineering, Riegel Paper Corp., 
Milford, N. J. 


* * * 


J. A. Cauwels has succeeded P. Williamson as the official 
representative in TAPPI of the Federal Paper Board Co., 
Bogota, N. J. 

Franklin F. Frothingham has succeeded Harold G. Ingra- 
ham as the official representative in TAPPI of the Bird Ma- 
chine Co., 8. Walpole, Mass. 

R. E. Carter has succeeded C. J. Kaiser as the official repre- 
sentative in TAPPI of Reichhold Chemicals, Inc., Detroit, 
Mich. 


Industry Notes 


The Esselen Research Corp., 857 Boylston St., Boston, 
Mass., is now the Esselen Research Division of the U. S. 
Testing Co., Inc. 


* * * 


Frederic C. Clark Associates, Consulting Engineers, are 
now located at 141 E. 44th St., New York 17, N. Y 
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* * * 


The Dorr Co., has removed its executive offices from New 
York City t6 Batry Place, Stamford, Conn. 


ok Ge 


Paper & Industrial Appliances, Inc., has elected the fol- 
lowing officers: President—Audenried Whittemore; Vice 
President—L. G. Durant; Secretary—Gudrum Sheffler; and 
Treasurer—Mrs. M. 8. Kehoe. J. B. Beveridge consultant 
for the company was elected with Messrs. Whittemore and 
Durant to the Board of Directors. 


* * * 


F. E. Winslow is now Manager of the Baltimore, Md., office 
of the General Electric Co., Apparatus Dept., Atlantic Dis- 
trict, succeeding J. W. Hicklin, retired. Mr. Winslow was 
formerly connected with the Philadelphia office and is a 
registered professional engineer of Maryland and Pennsyl- 
vania. 


* * * 


Stowe-Woodward, Inec., Newton Upper Falls, Mass., re- 
cently applied a Stonite covering to a 59 by 60 by 220 dual 
press center roll for the Crossett Paper Mills, Crossett, Ark. 
This is the largest diameter roll ever covered. It will be used 
in the manufacture of kraft and specialties. 


*y GK ee 


The American Cyanamid Co., 30 Rockefeller Plaza, New 
York 20, N. Y., has published a 64-page revised edition of 
“Products and Services of American Cyanamid Co., for In- 
dustry and Agriculture.” 


* * * 


The Elevator Division, Westinghouse Electric Corp., Jersey 
City, N. J., has issued a 44-page booklet (B-4402) on ‘‘How to 
Select Freight Elevators.’ There are ten illustrated sections 
that explain the basic considerations involved when selecting 
freight elevators and their component parts. 


* * * 


The Macbeth Corp., manufacturing operations are now 
centered in its new plant at Newburgh, N. Y. 


So 3 


Dilts Machine Works, Fulton, N. Y., has issued an 8-page 
bulletin No. 1-DM on the Miami Lo-Type Waxer and Water 
Finish Attachment, together with the Koehler Unwinding 
Equipment. This system can be used for both wet and dry 
wax processing. 


+ ok eee 


The Sinclair Co., manufacturers of paper mill wire cloth 
and dandy rolls has appointed E. L. Epperson as sales service 
representative at Hamilton, Ohio. Mr. Epperson was 
formerly service representative in New England. Fred C. 
Jones has been appointed sales representative in the Mid- 
western area. David Sinclair has been placed in charge of all 
manufacturing in the Holyoke factory. Richard Sinclair is 
now sales manager and assistant to Peter S. Sinclair, President 
of the firm. 


* * * 


Cowles Chemical Co., Cleveland, Ohio, has moved its re- 
search and development laboratory from the campus of 
Syracuse University to 1058S. Townsend St., Syracuse, N. Y. 
The research projects include development of heavy chemicals 
in the silicate field, detergents, bactericides, and the engineering 
of new processes and equipment for three plants located at 
Lockport and Skaneateles, N. Y., and Sewaren, N. J. ©. W. 
MacMullen is Technical Director. . 
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IMMEDIATELY EFFECTIVE _ This nea compect_ Dire 


battery was recently installed 

in one of the country’s best 

FO R WI equipped mills making high 
A N D H 0 L D | N (5 grade specialties. They tell us 

: that results came up to their 

highest expectations from the 


1950 CUSTOMERS Ses esr, 


To meet 1950 competition your paper has 
got to come clean. 

DIRTECS get the dirt ahead of the paper 
machine just before it gets into the sheet. 
They’re easy to install, easy to operate, effec- 
tive from the word “go”, 

Now is the time when DIRTECS will do you 
the most good. Check with us and see what 


they can do for you. 


BIRD MACHINE COMPANY, South Walpole, Mass. 


DIRTECS 
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OBITUARIES 


SERS eR SER ETI 
John Henry Graff 


John Henry Graff, 72, Research Associate, Emeritus of The 
Institute of Paper Chemistry, died suddenly from a heart ail- 
ment at his home in Appleton, Wis. on Dec. 30, 1949. He 
was born in Norway May 13, 1877, and came to the United 
States in June, 1904. His formal education included four 
years at the Military Engineering School in Oslo, Norway and 
one year at the Forestry School, Kongsberg, Norway. 

His first five years in this country were spent working in 
two of the large department stores in Brooklyn. From there 
he went to Berlin, N. H. to do topographical drawing for the 
Brown Company After two years he was changed to the 
microscopic laboratory, and for twenty-two years headed up 
the work in microscopy. In January of 1934 he came to 
Appleton as a member of the staff of The Institute of Paper 
Chemistry to head the newly formed group in Fiber Micros- 
copy which position he held until he was made ‘“‘emeritus’”’ in 
1946. Since 1946 he has been carrying on research, filling 
special teaching assignments, and working on two books. 

In his chosen field of fiber microscopy, he was an indefatiga- 
ble worker, never satisfied with his own achievements, always 
seeking to improve. His laboratory technic was painstaking 
and meticulous, and he expected the same in his laboratory 
assistants and in his students. It may be said without exag- 
geration that no one man has contributed as much to the field 
of pulp and paper microscopy as has John Graff. The ab- 
sence of any organized education and training makes his 
record even more impressive. In 1912 when he started his 
career in microscopy, it was generally sufficient for the fiber 
analyst to distinguish only between rag, groundwood, chemi- 
cal pulp, bast and straw fibers. The situation rapidly became 
more complex with the introduction of new pulps; the analyst 
was asked to break the chemical pulps down into soda, sul- 
phite, or kraft and to distinguish between bleached and un- 
bleached and, in addition, to indicate the relative amounts of 
the various fibers. Then as new methods of bleaching and 
chemical refining were practiced, the situation became even 
more involved. 

As the direct result of his efforts, John Graff was able to 
improve stains and technics and to develop the essential fea- 
tures of the method which presently serves for the identifica- 
tion and estimation of fibers cooked, bleached, or chemically 
refined by practically any method currently employed in the 
production of pulp and pulp derivatives. 

He was not content to develop the methods, but he spread 
the gospel of their application with the zeal of an evangelist. 
The real reason he left the Brown Company to join the staff 
of the Institute lay in the opportunity it afforded him to 
teach his methods to young potential pulp and paper tech- 
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nologists. The extra work entailed in giving the TAPPI 
sponsored summer Fiber Symposium was cheerfully under- 
taken as a means of further spreading the same gospel. As a 
result, there are some three hundred technical men and women 
in the industry who have come under the influence of his 
enthusiasm and earnestness and who have gone out to use or 
apply the fruits of his research. 

John Graff was a decided individualist. He was a good 
teacher and a good citizen. His small frame was surcharged 
with physical energy and nervous vitality. He was kindly, 
friendly, energetic—always planning a better way to do some- 
thing whether it was in the laboratory or in his civic and per- 
sonal interests. 

The concentrated essence of his life time of service to the 
pulp and paper industry has been incorporated in some thirty 
technical papers, in three books, “Pulp and Paper Micros- 
copy” (1936), “A Color Atlas for Fiber Identification” 
(1940), and ‘Fiber Analysis” (1942), in a number of patents 
and particularly in the manuscripts of two large works com- 
pleted just before his death, one on “Reagents and Stains 
Used in Pulp, Paper, and Fiber Microscopy,” the other 
“Pulp, Paper, and Fiber Microscopy.” Shortly before his 
death, he started to outline a whole new program of research. 

Because of his devotion to his field of research, he confined 
his outside interests to just a few organizations. One was 
Kiwanis, and a more loyal Kiwanian never lived. A second 
was in the field of photography, and during his years in Apple- 
ton he worked hard as a member of any organization of 
photographers in the area. His greatest extra-curricular 
enthusiasm was the Lakes States Section of the Technical 
Association of the Pulp and Paper Industry. This ‘he served 
well over the years in whatever responsibility he was called 
to assume. As Vice-Chairman, Chairman, Chairman of its 
Program Committee he could always be relied upon. He 
looked upon his membership in the Technical Association it- 
self as a serious matter. During his life he gave freely of his 
knowledge and his advice, as is shown by the number of his 
publications in the official organ of the Association and his 
contribution to the standard methods. His TAPPI summer 
Fiber Symposia were outstanding. It is fitting to point out 
that here was a man who gave much to the industry and whose 
name will never be forgotten. May there be more like him. 


[Francis W. Johnson 


Francis W. “Stub” Johnson, 58, plant manager and chief 
engineer for the Rhinelander Paper Co., Rhinelander, Wis., 
died, following an operation in St. Mary’s Hospital in Roches- 
ter, Minn., on January 4. Mr. Johnson was born in Neenah, 
Wis., on Feb. 18, 1892. He studied mechanical engineering 
at the University of Minnesota. From 1913 to 1925 he was 
plant engineer and superintendent of construction and main- 
tenance for the Kimberly-Clark Corp. From 1925-1934 he 
was chief engineer in charge of pulp and paper mill construc- 
tion for C. R. Meyer & Sons Co., in Oshkosh, Wis. He 
joined the Rhinelander Paper Co. in 1934. He was a mem- 
ber of TAPPI. Surviving, besides his wife, are two sons 
Charles and William, a brother Donald W., a sister Mrs. S. B. 
Light and four grandchildren. 


ELIS SSL LEE LSE LES 
Eugene A. Holland 


Eugene A. Holland, President of the industrial advertising 
firm bearing his name, Philadelphia, Pa., was stricken with a. 
fatal heart attack on January 10 at home. Mr. Holland was 
born in Philadelphia on June 11, 1900. From 1919-1921 he 
was asst. advertising manager for the Brown Instrument Co. 
From 1921-1928 he was Secretary of the R. E. Lovekin Corp., 
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for color in 
boxboard 


BISMARCK BROWN RX CONC. Dustless 


BisMARCK Brown RX Conc. DUSTLESS is tinctorially one of the 


strongest of basic colors. It is a standard requirement for producing 
browns and tans, and it acts as a dulling agent for the brighter Acid, 


Basic and Direct colors in both sized and unsized papers. 


Although Bismarck Brown RX Conc. DusTLEss does not work wel) on 
bleached fibers, its excellent solubility recommends it for both 


beater and calender coloring. 


Specify BismMarRcK Brown RX Conc. DusTLEss for such paper 


applications as kraft, poster, tissue, wrapping and boxboard. 


AMERICAN a COMPANY 


CALCO CHEMICAL DIVISION, 
Bound Brook, New Jersey 


New York - Chicago » Boston « Philadelphia + Charlotte + Providence 
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SPECIAL ANSUL 
CONTINUOUS SULFUR DIOXIDE MIXER VALVE 
and WATER MIXING SYSTEM 


ANSUL CHEMICAL CO, MARINETTE, WIS. 


Wa - SO, 
Z7B~ $0, and Water Solution CONTROL SHUTOFF 
VALVE VALVE 
WATER wr 
COTES STAINLESS STEEL 
BALL CHECK —™” 


SULFUR DIOXIDE 
SUPPLY UNE 


PRESSURE = 
REOUCING ANSUL PACKLESS NEEDLE 
CONTROL VALVE 


VALVE m) a 
fy SULFUR DIOXIDE ROTAMETER™ 


4 TO aciouLation 
¢C PRESSURE GAUGES TANK OR 


STOCK CHEST 


SOLFOR O1OMOE 
suPPLY > 


The solution may be introduced 
into the pulp at the acidulation 
tank, stock chest, the stock line 
from a washer, or at any suitable 
point in the bleaching system. 


This Ansul System provides a 
continuous metered flow of sul- 
fur dioxide and water solution at 
any desired concentration and 
rate of flow. 


Ansul sulfur dioxide is an inexpensive acidifying agent... 
thoroughly efficient, and perfectly suited to the acidulation 
step in the preparation of bleached kraft pulp. 


Ansul sulfur dioxide improves brightness and prevents 
color reversion because it: 


1. Reduces colored ferric compounds to the soluble 
ferrous state so they may be easily washed from the pulp. 


2. Bleaches and brightens the pulp by adjusting the pH 
to the acid side. 


3. Acts as anti-chlor to remove residual chlorine and thus 
prevents formation of oxy-cellulose which would age to 
yellow compounds. 


4. Permits dissolving of organic lime compounds so 
they may be removed by washing. 


WRITE THE ANSUL TECHNICAL STAFF FOR FURTHER INFORMATION 


Write today for these bulletins: 

“A Method for Continually 
Preparing Sulfur Dioxide So- 
lutions.” 

“Use of Sulfur Dioxide for 

Acidulation of 
Bleached Kraft 
Pulp.” 
Also, send for 
your copy of: 
“Liquid Sulfur 
Dioxide.” 


ANSUL CHEMICAL COMPANY 


INDUSTRIAL CHEMICALS DIVISION, MARINETTE, WISCONSIN 
60 £. 42nd St., New York—Lincoln-Liberty Bldg.,Broad & Chestnut St., Philadelphia 7, Pa. 
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and established his own business in 1928. His clients in- 
cluded the Asten-Hill Mfg. Co., Downingtown Mfg. Co., and 
the Sutherland Refiner Corp. Many in the pulp and paper 
trade who received the novel souvenirs from Asten-Hill will 
be interested to know about Mr. Holland’s connection with 
these. He was a member of TAPPI and was unusually well 
informed concerning developments in the paper industry. 


E. H. Williams 


E. H. “Bob” Williams, President of Williams-Gray Co., 
Chicago, Ill., died at Beverly Hills, Calif., on Dec. 17, 1949. 
Mr. Williams was born in Portland, Me., on July 27, 1870. 
Before the turn of the century he was agent for the sale of 
Meginticook paper machine felts and was a pulp salesman for 
Burgess Sulphite Fibre Co., Berlin, N. H. He established 
his own mill supply business in 1905. In 1908, with J. 
Frank Gray and D. C. Everest he formed the Williams-Gray 
Co., in which he was active until his death. 


Edouard Hery 


Edouard Hery, owner and editor of Le Papier and of the 
machinery company in Paris, France, bearing his name, died 
at his home at Nevilly-sur-Seine on January 4. Mr. Hery, 
whose name was associated with the Thorsen-Hery beater, 
known in this country, was born at Angers, France, on Feb. 
14, 1883. He attended the School of Arts and Metiers and 
in 1904 became engineer for 8S. A. des Papeteries Abadie, 
makers of cigarette paper. Later he was engineer for 
Papeteries Braunstein and Papeteries de la Seine. In 1910 he 
established his own engineering firm and represented such 
American firms in Europe as Bagley & Sewall, Farrel Foundry 
& Machine Co., Hamblet Machine Co., E. D. Jones & Sons, 
Wm. L. Barrell Co., Ryther & Pringle, Harman Machine Co., 
The Manhattan Rubber Co., and Sandusky Foundry & Ma- 
chine Co. He was amember of TAPPI and a frequent visitor 
to the United States. 


Ernest John Kirkup 


Ernest John Kirkup, Manager and Director of the Donside 
Paper Co. Ltd., Aberdeen, Scotland, died at his home in 
Aberdeen on Dec. 6, 1949. Mr. Kirkup was born at Woolas- 
ton, Gloucestershire, England, on Oct. 3, 1885. He started 
in the industry as a press boy on the paper machines of 
Thomas Owen & Co. Ltd., Cardiff, Wales, and served as 
machine foreman for Imperial Paper Co. Ltd., and Empire 
Paper Mills, Ltd., until in 1924 he became manager and 
director of the Donside Paper Co. Ltd. 
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Bleach Liquor Prepared 
in 3U Minutes... 


E SLOT 


a 


Preparing bleach liquor by introducing chlorine into excess milk of lime and wait- 
ing for it to settle is a time consuming process. In addition, it entails an expensive 
outlay for settling tanks and large storage facilities, the inconvenience of waiting 
and of sludge washing to say nothing of high labor costs. Nor can clear bleach 
liquor be used to buffer the bleaching operating beyond the solubility of lime. 


CHEMICALS 


AS PAPEL 


These weaknesses in the preparation of 
bleach liquor were of concern to Hooker 
‘Technicians who realized that economies in 
pulp and paper production help Hooker as 
well as the industry. After a thorough inves- 
tigation, Hooker Technicians, working with 
the pulp and paper industry, showed how a 
bleach liquor could be prepared so as to be 
used without settling and with resulting 
economics in equipment, labor and time. 
The key to this process is a low cost but effi- 


cient screen for the removal of all but the 
finest of the insoluble particles of lime 
before chlorination. Also important to the 
process is the agitation of the lime during 
chlorination and storage. 


Coincidentally with the development of 
this process and its equipment, Hooker 
‘Technicians suggested the use of this same 
type of screen for introducing clean lime 
for “liming” in the chlorination stage. 


@ Hooker Bulletins 201 and 242 are devoted to a discussion of the pro- 
duction and use of unsettled bleach liquor and the equipment for this 
process. They are available when requested on your company letterhead. 


HOOker 


HOOKER ELECTROCHEMICAL COMPANY 
4704 BUFFALO AVENUE * NIAGARA FALLS, N. Y. 
New York, N. Y. 


¢ Wilmington, Calif. * Tacoma, Wash. 


Caustic Soda Muriatic Acid Sodium Sulfide Paradichlorobenzene Chlorine Sodium Sulfhydrate 
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LOCAL SECTION ACTIVITIES 


Reports of Meetings, Personnel and Events 


Inter-Society Color Council 


The Inter-Society Color Council, of which the Technical 
Association is a member will meet at the Statler Hotel, New 
York City, on March 8, 1950. A business session will be held 
in the morning. In the afternoon there will be a symposium 
on “Color As Used in Architecture, Design, and Decoration.” 
The dinner speaker will be Ralph M. Evans who will give an 
illustrated lecture on ‘Seeing Light and Color.’”? Members of 
TAPPI are welcome to attend all sessions. A. H. Croup of the 
Hammermill Paper Co., and Chairman of the TAPPI Optical 
Properties Committee is Vice Chairman of the Council. 


Ohio 


The Ohio Section held its January dinner meeting at the 
Manchester Hotel in Middletown, Ohio, on Jan. 10, 1950, 
with 106 members and guests attending. 

After the dinner, Chairman Arthur Thurn of the Champion 
Paper and Fibre Co. presented a guest, whom many were 
surprised to see and all were most happy to welcome, R. G. 
Macdonald, Secretary-Treasurer of TAPPI. Mr. Mac- 
donald, spoke briefly about some of the activities of the 
Association and the publications in preparation. He also 
reminded the group of the coming 5th Annual Engineering 
Division Meeting in Cincinnati to be held on Oct. 2-5, 1950. 

It was recalled, that Mr. Macdonald and the principal 
speaker of the evening Harry F. Lewis, Dean of Students at 
the Institute of Paper Chemistry, were both present at the 
organization meeting 15 years ago. 

Dr. Lewis spoke on Chemical Byproducts of the Pulp In- 
dustry and developed the thought of what can be done and 
what has been done to reduce the hidden tax on each ton of 
cellulose produced, the tax represented by the other 50 per 
cent of the wood. These materials, in wood in addition to 
the cellulose, may be said to represent a tax which pinches 
pocket books in that they produce difficult waste utilization 
problems and are a loss of potential profits, if not recovered. 
The speaker stated that from two and one-half to three million 
tons of lignin sulphonate go to waste into the rivers each year 
in spent sulphite liquors, along with many tons of carbohy- 
drates and other organic and inorganic constituents. These 
materials were shown to have many already known valuable 
uses as such, or as base materials for valuable derivatives. 

Among the uses for spent sulphite liquor, which Dr. Lewis 
mentioned, was that to replace the oil treatment of dirt and 
gravel roads. Drenching the roads has been proved to be 
much better than the original spraying methods. Although 


Ohio Section Members at Dinner Meeting on January 
10, 1950 
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L to R—Harry F. Lewis, R. G. Macdonald, and F. Le Roy 
Zellers at the Ohio Section Registration Table 


this procedure has been proved to be effective, much more 
could be used if more widely accepted by those now using oil. 
Several of the uses given for the lignin sulphonate were its use 
for viscosity control in oil well drilling, its use to produce de- 
sirable properties in cement, its use as a substitute for tannin 
in the leather industry, and its use in the preparation of 
vanilin, the latter itself being valuable as well as a source for 
valuable chemical products. The speaker said, that the car- 
bohydrates contained in such liquors are sufficient to fill 10 
to 20 per cent of the country’s requirements for alcohol. It 
was said that, although the mills in Sweden make little or no 
use of the lignin contained in their spent sulphite liquors, they 
do utilize a large portion of the liquors for the production of 
alcohol. Another development given was the production by 
one American mill of 9000 pounds per day of a high protein 
content yeast product for feed. 

The kraft liquors, Dr. Lewis said, are valuable as fuel and 
as a part of an economic process, but the information de- 
veloped for sulphite liquors can be utilized to develop uses for 
the kraft liquors also. Among some of the uses for kraft 
liquors mentioned, were the long list of fatty acid derivatives 
now being prepared. The saccharinic acids were mentioned 
as well as the possibility of converting the sulphur compounds 
to still other chemical products. 

In conclusion, Dr. Lewis expressed a plea for more extensive 
active interest in the research and development field as well as 
in the chemical sales field. 

The meeting was concluded with the showing of an educa- 
tional and entertaining film in colors entitled ‘Portrait of an 
Industry.”” It was obtained through the courtesy of the Calco 
Chemical Division of the American Cyanamid Chemical Co. 

The meeting held on February 9 was sponsored jointly by 
the Section and the Miami Valley Division of the Superin- 
tendents Association. Roland A. Pachard of the Holyoke 
Machine Co., Holyoke, Mass. presented a paper on “Paper 
Machine Power Requirements.” 


Lake States 


December 13 Meeting: 


The Lake States Section met at the American Legion Club 
House, Appleton, Wis., on December 13. Robert A. Diehm 
of the Ward Paper Co., Merrill, Wis., talked on “The Elim- 
ination of the Human Element in the Determination of 
Printing Quality.” Dr. Diehm said, in part: 
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— Sandy Atill will work 


shoulder to shoulder with YOU 


in the interest of better paper 
and better paper making 
methods 


ITH advanced, pace-setting devices such as 


those shown here and many others, Sandy 
Hill has helped many mills step up production and 
make better paper faster and more economically. Sandy Hill Open Side Calender Stack 


Pneumatic or hydraulic loading and lifting; continuous 


Perhaps there’s a spot in your mill where Sandy Hill’s _ miling: anti-triction or sleeve bearings, easy removal .of 


rolls; sturdy fabricated framing. 


engineering know-howcanbeofhelp... 
a kink to be straightened; a problem to 
be solved; a new idea to be developed. 
We’re at your service... willingly . 
and, we’ve been told capably. 


Typical installation of Sandy Hill Selective 
Drives, acknowledged leaders in power- 
packed performance, precision contro | 
and economy in space. 


Sandy Hill Pope Type 
Constant Speed Reel 


Motor control of reel! transfer; 
anti-friction bearings through- 
out; pneumatic lift for full 
reel; shock absorbers for 
rough papers; design free of 
complications. 


Sandy Hill Flow Control! Unit, incorporating 
the Neilson Slice; the most precise method 
yet developed for uniformly controlled de- 
livery of stock to the wire. 


Machinists and Founders te lcne in pase and Pulp J Mill etkee 


Some Leading Items: Bertrams Flow Distributor Dandy Roll Drives Shaker Screens : 
Fourdrinier Paper Machines Kamyr Bleaching Equipment Quick Opening Gate Valves Cc astings—Iron, Bronze, Aluminum 
Yankee Fourdrinier Machines Stock Pumps Scofield Felt Conditioners Neilson Slice 

Cylinder Paper Machines Pulp Grinders Cleveland Type Bearings Nilsa Bag Machines 

Feltless Wet Machines ‘Selective’? and Corner Drives **Packer’’ Screens Nilsaton Printing Presses 
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What do you 
look for in Paper? 


“I looked at the quality of the paper finish after 
we put one Butterworth Calender Roll in the 
stack. I saw it was far better than previous fin- 
ishes. It was smoother, of better quality, and our 
production was up with fewer delays. We’ve 
standardized on Butterworth Rolls since then, 
and we’ve had many additional hours of top 
flight calendering, increased production and less 
time lost.” 


Look into America’s leading paper mills and 
you'll find Butterworth Calender Rolls produc- 
ing outstanding finishes and giving long service. 
Butterworth Rolls are made of first quality 
materials and to exact specifications. That is why 
they can be depended upon to produce out- 
standing finishes during calendering operations. 


With Butterworth Rolls in your calender, youi 
own records will show you the economy of 
standardizing on these finer calender rolls with 
uniform surfaces, better finishes and better 
production. 


Consult us about your calendering problems. 
We make calender rolls for all types of calen- 
dering in every size to your specifications. We 
can also refill your present rolls. 


For full information, write or call H. W. Butterworth & Sons 
Company, Philadelphia 25, Penna.—Providence Division, 
Providence, R. I. : : Charlotte, N. C., 1211 Johnston Building 
In Canada—W. J. Westaway Company, Hamilton, Ontario 


Butterworth 
Calender Rolls 
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“Good jobs in every type of printing are obtained when suffi- 
cient amounts of ink can be applied to give tone gradations 
without altering the halftone screen pattern. Ink coverage and 
the screen patterns can be measured with the human elemens 
practically eliminated. See). 

“A procedure to do this must be based upon a print job in 
which the ink and printing mechanism are held constant and the 
paper is made the variable. Any good laboratory proof press 
can be used. A heavy bodied, jet black ink should be used on a 
special printing plate. Ordinarily, the plate is inked as heavily 
as possible without disturbing the clarity of the high lights. 
Since register is not required, it is only necessary to maintain a 
constant temperature of the ink, paper, and press while making 
the prints. 

“The plate is a typographical electrotype and is designed to 
show four tones in each of five different screens. The entire 


plate should cover an 81/. by 11 in. sheet of paper to.permit all 
the tests necessary to calculate the printing quality. The 
composition of the plate should follow the pattern shown in the 
accompanying figure: 


e 


oe 


.- 
ee 


h 


Row 1 is a 133 line screen 
Row 2 is a 120 line screen 
Row 3 is a 110 line screen 
Row. 4 is a 100 line screen 
Row 5isa_ 85 line screen 


“This range of halftone screens covers the printing jobs from 
good newsprints at 85 lines to fine coated paper print jobs at 133 
lines. Screens coarser than 85 lines are used for extremely rough 
work and screens finer than 133 lines are employed only in very 
share delicate Pane 

“The vertical rows have the following tones: Row A i : 
Row Bis 45%; Row C is 75%; and Row D is 90%. Beane 
halftone was used, a print or section of a print was either black 
or white. The gradations of tone made possible by the halftone 
screen are responsible for the exact reproduction of any sub- 
ject. The 10% tone represents a high light in a print, meaning 
that only 10% of the paper surface is covered with ink. The 
90% tone approaches a solid color and represents about the 
maximum color depth obtainable without closing the sereer 
The 45 and 75% tones represent two of the intermediate tone 
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How to beat a 
legal “threat” on 
WASTE DISPOSAL 


TYPICAL FOXBORO INSTRUMENTS THAT 
LEAD TO BETTER WASTE DISPOSAL 


“er 


--. and cut fibre and chemical losses! 


We STATE AFTER STATE now imposing legal 
restrictions on industrial waste disposal, you 
may be faced with this problem quite suddenly. 
Only by starting to gather complete data now 
can you be prepared for necessary action when 
that time comes. And the same data will reveal 
the extent of your fibre and chemical losses in 
plant waste. (The Foxboro waste-sampling 
system gives a continuous sample always in 
proportion to effluent rate—thereby assuring an 
accurate analysis. ) 


The Model 40... ‘The finest modern controller” 

. .is the foundation of many outstanding Fox- 
boro Waste Disposal Systems. It is used for the 
control of flow, pH, conductivity, temperature 
and other variables. Thousands are in use daily. 


Foxboro has prepared a concise, informative 
bulletin on how to conduct a waste disposal 
survey. Based on specialized knowledge and 
long experience, this bulletin outlines the sim- 
ple steps you can take to avoid hasty, last- 
minute plans. It shows how a careful, unhurried 
survey now can easily provide the facts on 
day-to-day quantities, concentrations, and con- 
stituents, so essential to efficient planning. 


Foxbord Float and Cable Type Instruments are 
specifically designed for use on weirs and 
Parshall flumes. They read directly in flow. 


Send for a copy of Waste Disposal Surveys”. 
Write The Foxboro Company, 78 Neponset Ave., 
Foxboro, Mass., U. S. A. 


-RECORDING - CONTROLLING -. INDICATING 


(OX BOR INSTRUMENTS 


REG. U. S. PAT. OFF. 
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holding power 
for short fibres 


PQ SILICATE 
REACTED IN THE BEATER 
TRAPS THEM IN 


PQ Silicate is the paper maker’s friend. The 
precipitate which it forms with alum catches in the 
fibres and holds on to the little short ones so 

that they do not escape. Furthermore, this silicate size 
keeps more of the clay and other fillers right in 

the sheet. You profit in two ways: 


1. Improved quality —smoother, harder, 
and stronger sheets. 


2. Increased output—as much as 30 Ibs. per ton. 


May we send you further data and samples of the right 
PQ Silicate for your experiments? You're always 
welcome at PQ'’s Silicate Headquarters. For silicate 
advice, ask PQ. 


Philadelphia Quartz Co., 1141 Ledger Bldg., Phila. 6 


PQ SILICATES OF SODA 


PQ WORKS: 
Anderson, Ind. 
Baltimore, Md. 
Chester, Pa. 
Gardenville, N. Y. 
Jeffersonville, Ind. 
Kansas City, Kans. 
Rahway, N. J. 

St. Louis, Mo. 
Utica, Ill. 
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gradations covered by the range of tonal values between the 
high lights and the full tones. 

“From three to five prints should be made on each paper un- 
der investigation. The press operator should adjust the inking 
of the plate and the pressure of the press to give the best possible 
print job obtainable before making prints for analysis. ; 

“The first step in analyzing the print consists in determining 
the ink coverage. This is done by measuring the brightness of 
all the 10 and 90% tones and obtaining the average for each. 
The ink coverage (IC) is calculated by: 


_ B10 — B90 


ie BPI 


x 100 


where 


B 10 = the brightness of the 10% tone 
B 90 = the brightness of the 90% tone 
BP = the brightness of the paper 


“A perfect print has an ink coverage of 80% since the dif- 
ference between the lightest and deepest tones is 80%. Reason- 
able variations in the inking of the plate do not influence the re- 
sults because the increase in coverage between the 10 and the 90% 
tones is measured. 

“The amount of ink laid on the surface of the paper tells only 
part of the story of printing. The patterns of the ink-covered 
areas are equally important. The finest screen which lays a per- 
fect pattern suggests the type ef printing for which a paper can 
be used. Alterations in the screen pattern may mean the dif- 
ference between the sharp and fuzzy print. The next step in 
the analysis is the evaluation of the screen pattern in such a 
manner that concise measurements rather than human judg- 
ments are made. 

“A print with a perfect screen pattern is sharp and has good 
print fidelity. Accurate observations on the screen pattern can 
be made with any hand lens that permits a clear perspective of 
the dot size and shape. 

“Tn the first place, the black dots in the lighter tones and the 
white dots in the darker tones must all be present for good 
print fidelity. Only a few dots need to be absent before even 
the inexperienced eye can detect loss of fidelity in the print. It 
has been estimated that a print has little, if any, commercial 
value when more than 25% of the dots are missing. 

“A value must be assigned to screen patterns on the basis of 
print fidelity with respect to the presence or absence of the 
halftone dots. When over 25% of the dots are missing, the tone 
is assigned a halftone dot fidelity of 0. If less than 25% of the 
dots are missing, the tone assumes a value of 1. When all the 
dots are present, the value is 2. All of the 20 tones are evaluated 
individually and the values totaled to obtain the rating for the 
halftone dot fidelity. A perfect print has a value of 40. Row 1 
on the figure shows perfect printing in which each tone has a 
value of 2. Row 2 shows some dots missing to influence the 
printing enough to give each tone a value of 1. Row 3 shows 
enough dots missing to make the print worthless and those tones 
have dot fidelity of 0. 

“The mere presence of the dots does not necessarily mean 
sharp printing. They must be of uniform size in a continuous 
tone and must not show distortion or broken contours in any 
tones. Broken and distorted dots are almost as detrimental to 
print fidelity as are missing dots. Here again it is necessary to 
make accurate observations and apply them in the calculation of 
the evaluation of the print. 

“Using a hand lens, each of the 20 tones is examined for size of 
dot uniformity. When all the dots appear uniform, the tone is 
given a value of 2; when a few show variations in size, it has a 
value of 1; and when over 25% show variations in size, the value 
becomes 0. A perfect print is assigned a value of 40, being the 
sum of the values of all the tones. Such variations in dot sizes 
are shown in Row 4 in the figure. 

“The tones are examined for undistorted and unbroken dot 
outlines with a hand lens. Row 5 in the figure shows some of the 
irregularities which reduce print fidelity. When such irregu- 
larities are absent, the tone has a value of 2; when a few are pres- 
ent, a value of 1; and when more than 25% of the dots are ir- 
regular, a value of 0. A perfect print again has a value of 40. 

“The presence and the size and shape of the dots are all im- 
portant in making a print of good fidelity. Since it would be 
exceedingly difficult to determine their relative importance, they 
are all given equal values of performance in this test. Therefore, 
the sum of all the fidelity ratings is 120 for a perfect print. 

“These observations permit a new definition of printing quality 
based on ink coverage and print fidelity. Printing quality is the 


per cent ink coverage obtainable in perfect print fidelity. It is ex- 
pressed numerically by: 
LORXGP TE. 
PQ = 96 x 100 
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Pictured above is a typical Dorr industrial 
water treatment plant... modern, compact, 
and efficient. Installed to supply process water 
at a new 480 ton-per-day pulp mill, it com- 
prises the proven combination of a Dorrco 
Flocculator with a Dorrco Squarex Clarifier 
for turbidity removal prior to filtration. 

Raw water is dosed with alum, coagulation 
takes place in a Dorrco Flocculator shown in 
the foreground, after which the suspended par- 
ticles are settled and removed by the Dorrco 


Write for Bulletin #9141, just off the press, for further informa- 
tion...or better still, let an experienced Dorr engineer describe 
this complete line of equipment in relation to your own problem. 
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Squarex Clarifier in the background. Both 
units are built into a single, rectangular struc- 
ture...an economical tank shape for multiple 


unit installations. 

In order to meet every industrial water need 
economically, The Dorr Company offers a com- 
plete line of treatment units. Local conditions, 
such as raw water supply, volume of flow, and 
degree of purity required, will determine which 
is best suited to do your job at top efficiency 
...and at minimum cost. 


THE DORR COMPANY, ENGINEERS 
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Dorr Technical Services and Equipment Are Also 
Available Through Associated Companies and Rep- 
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at the price you can pay [ 


We welcome your 
worries! Because Stein 
Hall is as concerned 
with serving you 

as with selling you. 


Over and above our 
hationally-known lines 
of GUMS, STARCHES 
and DEXTRINES, we 
place at your disposal 


paper 
problems 
in-our 
lap 


laboratory facilities 
and technical expert- 
ness which are con- 
stantly at work... 
successfully solving 
the most difficult 
paper production 
problems. Our lap is 
always open! 


Pape Se. 
oS 285 MADISON AVE., NEW YORK 17, N. Y. 
BRANCH OFFICES IN 17 OTHER CITIES 
IN U. S$. AND CANADA 


Where 


PQ = Printing quality 
IC = Ink coverage 
PF = Printing fidelity 


96 = Constant (per cent ink coverage in perfect fidelity in 
100% printing quality, i.e., 80% of 120) 

“This test can be carried out quite rapidly by laboratory 
technicians after they become thoroughly acquainted with it. 
The analysis of two printed samples is sufficient if the results are 
reasonably close. : 

“Tt has been mentioned previously that characteristics such as 
surface strength, caliper, density, porosity, sizing, formation, 
etc., specific to the paper for each print job must be met. Every- 
one connected with papermaking or printing can make measure- 
ments for these characteristics. If they are supplemented by 
the test described here, a much better understanding of the 
printing quality of the paper can be developed.” 


January 10 Meeting: 


The Lake States Section met at the American Legion Club 
House, Appleton, Wis., on January 10. George R. Sears of 
the Institute of Paper Chemistry presided as chairman. Fred 
Benson of the Kimberly-Clark Corp., paid tribute to the 
memory of the late John Graff and commented on the great 
interest taken by Mr. Graff in the affairs of the Lake States 
Section as well as in the field of microscopy. 

N. Maleove of the Northern Paper Mills, Green Bay, Wis., 
followed Mr. Benson with a talk on his recent trip to Europe. 
He was interested principally in the investigation of two 
things: (1) evaporation and burning of waste liquor and (2) 
making yeast from waste sulphite liquor. Sweden has done 
much research on these problems, and it was in this country 
that Mr. Malcove carried on the greater part of his inquiry. 

The shortage of coal in 1940 in Sweden accelerated the in- 
vestigation of the possibility of using waste sulphite liquor as a 
source of fuel. Many problems were encountered in evapora- 
tion, burning after concentration, and removing the fly-ash. 
Evaporators which were reasonably free from scale were de- 
veloped by two companies. One employed the principle of 
interchanging the phases (Rosenblad), while the other sub- 
mitted the waste sulphite liquor to heat treatment. 

After eliminating the problem of evaporation, they found 
difficulties in burning waste sulphite liquor. It was attempted 
to burn liquor of 50% concentration and to burn dry powder. 
At least one plant has temporarily abandoned burning and is 
selling the liquor. Sweden prefers waste sulphite liquor to oil 
for use on her roads. The fly-ash, a result of burning, is re- 
moved in one of two ways, by wet scrubber or dynamic filter. 
Mr. Malcove stated that Sweden has been fairly successful 
with the evaporation problem, but there are difficulties to be 
solved in the burning of waste sulphite liquor. 

The second thing Mr. Malcove investigated on his trip was 
the production of feed yeast from spent sulphite liquor. 
Sweden has ceased to produce this type of yeast and has dis- 
mantled one of her two yeast plants since the war. During 
the war Germany had at least five yeast plants which were all 
shut down by late summer in 1949. Two of these plants were 
back in operation in December of 1949 for the production of 
animal feed. Early production all over Europe was disposed 
of largely for human use. Mr. Malcove remarked that a 
market for yeast in the United States has yet to be developed. 


Joon D. Hanky 


Kalamazoo Valley 


The following is a résumé of the meetings of the Kalamazoo 
Valley Section held since June, 1949. - 

The first meeting was held at the Columbia Hotel, Kala- 
mazoo, Mich., on October 6. Stephen I. Kukolich of the Lee 
Paper Co., Vicksburg, Mich., presided. The principal speaker 
was C. F'. Hauck of the Hall Laboratories, Inc., Pittsburgh, 
Pa., who talked on “Water Management and the Paper In- 
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outlets and Spot Cooling apparatus. 
Machine is equipped with Briner Eco- 
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| vapors from machine. This heated air 
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apparatus on enclosed platform 
located over hood in back of No. 3 
Machine. 


Wherever in the world paper is 
made, ROSS Air Systems become 
an essential part of the paper- 
making process. They are prac- 
tically standard mill equipment 
throughout the industry in the 
United States, Canada, Europe, 
Mexico, South America—and 
now Australia! 

This complete Australian in- 
stallation was engineered and in- 
stalled jointly by the J. O. ROSS 
ENGINEERING CORPORATION 
and H. P. GREGORY & CO. 
LTD. 

In a country where fuel costs 
are necessarily high, the opera- 
tion of ROSS Air Systems natur- 
ally proves highly profitable. It 
is significant that work is already 
underway on five other installa- 
tions in Australia. 
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dustry.” Dr. Hauck stated that “Development of a water 
balance showing water temperature, quality, and quantity 
characteristics at all points of water demand and discharge is 
the first step in the mill water management problem.” 

The meeting of November 3 was in charge of Ralph Atkins 
of the Lee Paper Co., who introduced Bruno E. Prevost of the 
Emerson Mfg. Co., Lawrence, Mass., as the speaker. Mr. 
Prevost described his “Jordan Plug Pressure Control Sys- 
tem,” illustrating the action with a working model. This 
talk was followed by a panel discussion in which W. F. Hatha- 
way of the Kalamazoo Vegetable Parchment Co., J. J. Har- 
rison of the Michigan Carton Co., and Ralph Atkins par- 
ticipated. 

The meeting of December 1 was in charge of James J. 
Harrison of the Michigan Carton Co., Battle Creek, Mich. 
The principal spéaker was H. A. Lips of E. I. du Pont de 
Nemours & Co., Wilmington, Del., who talked on ‘Shade and 
Quality Control in the Dyeing of Paper.”’ This talk dealt with 
the fundamentals of beater dyeing of paper. Dr. Lips em- 
phasized the need for close control of pulp furnishes and of the 
pH of the stock in the beater. He commented on the in- 
fluences of the various fillers used on the dyes. Some dyes 
have an affinity for fillers as well as fibers. The end use of the 
colored paper should be known so that an economical formula- 
tion can be worked out. He pointed out that size, starch and 
their order of addition are factors influencing shade control in 
the dyeing of paper. 

On January 12, the 15th Annual Get-together was held. 
This meeting which attracted an attendance of 425 was spon- 
sored jointly by the Kalamazoo Valley Section and the 
Michigan Division of the Superintendents Association. 
Ralph A. Hayward of the Kalamazoo Vegetable Parchment 
Co., and a past national president of TAPPI was toastmaster. 
W. F. Hathaway of the same Company was general chairman. 
Several national officers of both organizations were introduced. 
R. G. Macdonald, Secretary-Treasurer of the Technical 
Association extended the greetings of that organization and 
Charles H. Reese of the Nekoosa-Edwards Paper Co. responded 
as President of the Superintendents Association. Robert 
B. Wolf, TAPPI Medallist was introduced and made a few 
remarks. The principal speaker was Jack T. Wilson, Chief 
Physicist of the Allis-Chalmers Mfg. Co., Milwaukee, Wis., 
who talked on “Atomic Power and Its Significance to Amer- 
ica.”’ Dr. Wilson outlined many of the peacetime possibilities 
of nuclear chemistry and the wide range of isotopes that will 
be developed. 

On February 2, Fred Chappel of the Hercules Powder Co., 
was in charge of the program. The speaker was Richard W. 
Kingerly of DuPont who talked on “Biological and Pest Con- 
trol for the Pulp and Paper Industry.” In this talk Dr. 
Kingerly discussed the control of slime, fungi, bacteria, in- 
sects, and rodents. This talk was followed by a panel in 
which J. J. Harrison, Michigan Carton Co., G. F. Des Autels, 
Kalamazoo Vegetable Parchment Co., Harold O. Wiles, 
Sutherland Paper Co., H. R. Hall, Allied Paper Mills, and 
Ken Wyatt of DuPont participated. 


Empire State 
Hudson River Valley Group 


The Hudson River Valley Group of the Empire State Sec- 
tion met at the Village Inn, South Glens Falls, N. Y., on 
January 19. John C. Dean, Manager of the Chemical Prod- 
ucts Div., Lubricating Dept., Socony-Vacuum Oil Co., New 
York, N. Y., talked on ‘‘Waxes for Protective Coating.” 


Metropolitan Group 


On January 10 the Metropolitan Group of the Empire 
State Section met at the Fraunces Tavern in New York City. 
W. C. Nussbaum of Tracerlab, Inc., talked on “Uses of Radio 
Isotopes in Industry.” 
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Wyandotte Precipitated Calcium Carbonate, produced by the reaction of crystal clear solutions of calcium chloride and sodium 
carbonate, is unsurpassed in purity. The precipitate (shown on a vacuum filter wheel above) is tested every hour of the day. 


An important factor in the production 
of fine coated paper is the purity of 
the paper-coating pigment. 
Wyandotte Precipitated Calcium 
Carbonate is a pigment of highest 
purity—tailor-made to meet the Paper 
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coated sheet with high whiteness and 
opacity, as well as other improved 


printing qualities. It is free of grit and 
other abrasives, readily and easily 
dispersible in water and has the uni- 
formity so essential to high-speed 


machine coating. 
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NOW .. . Self-Supporting, too 


In one sense, in its ability to pay its own way; the 
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packless, self - lubricating, self-adjusting design 
slashes maintenance costs, boosts operating effi- 
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pletely the life-shortening wear that rides along 
with misalignment. 
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Northern New York Group 


The Northern New York Group of the Empire State Sec- 
tion met at the Hotel Woodruff in Watertown, N. Y. on 
December 8. John H. Heuer of the St. Regis Paper Co., 
presided as chairman. The principal speaker was Jess H. 
Davis, President of Clarkson College of Technology at Pots- 
dam, N. Y., who talked on “Trends in Engineering Educa- 
tion.” Dr. Davis’ remarks follow: 


‘“Ingineers, both individually and as a group, are traditionally 
modest men who do not advertise their accomplishments. They 
have, however, had a most important part in the development of 
new products and processes which have brought improved living 
conditions to most of the world. It may be argued, perhaps 
with considerable justification, that the work of engineers has 
contributed in no small way to the reaction of many of the 
economic, political, and social problems which confront us today. 
There can be no argument, though, but that continued engineer- 
ing and technological developments are essential to the progress 
and security of America. 

“Tt is the function of the engineering colleges to formally edu- 
cate men who, after training and experience, can join the en- 
gineering profession and insure further progress in the use of the 
materials and forces of nature for the benefit of mankind. 

‘Probably the first formal engineering education was given In 
France about the middle of the eighteenth century. It was of a 
most practical type of education in which the study of science 
was completely neglected and Empiricism was all-important. 
Soon after the French Revolution, science began to be em- 
phasized and the character of French engineering changed rather 
abruptly from the practical to the theoretical. As often hap- 
pens, the pendulum swung too far. The result was that French 
engineers were responsible for almost none of the applications of 
science to practical works during the nineteenth century. 

“Tittle formal engineering education was offered in Britain 
during the nineteenth century; but that which was available 
could be described as of the ‘applied science’ type. 

“West Point and Rensselaer, established around the beginning 
of the nineteenth century, were the first American engineering 
schools. They did not reflect the pattern of the French schools 
and, while they did attempt to teach engineering on somewhat 
of a scientific basis, the meager information relating theory to 
practice necessitated reliance on empiricism or experience for 
most instruction. From the middle of the nineteenth century 
until the beginning of the twentieth century, many schools were 
established. Rapid progress in relating theory to practice was 
being made during this period. There was, however, a strong 
vocational strain in most engineering education. There was 
little attempt made to teach the “‘why”’; “how” was the impor- 
tant thing. This type of instruction continued to be the vogue in 
most engineering schools until about 1920, when wider use of 
electricity, the airplane, radio, and the automobile made it evi- 
dent that there must be a much closer relationship between science 
and engineering if technological progress were to continue. 

“Engineering research programs were instituted in many col- 
leges to help bridge the gap between practice and theory. The 
trend of instruction was away from the empirical and toward 
instruction which would be of value for future uses rather than 
in past techniques. As might have been expected, however, 
there was much specialization during the 1920’s. This trend 
in specialization has continued until very recent years. The 
emphasis, particularly in the past two or three years, has been 
more and more on fundamentals. In most engineering schools, 
the thinking is, ‘“‘Let’s educate a man to be an engineer first and a 
specialist in some branch of engineering later.”’ 

“Since the end of World War II, there has been a general 
reappraisal of engineering education. There has been no general 
agreement upon specific objectives or even upon how broad ob- 
jectives can be best accomplished. There is a strong tendency 
on the part of most engineering schools to give an ever-increasing 
importance to science and fundamentals. There is also wide- 
spread recognition of the importance of developing creative 
ability and the maintenance and encouragement of intellectual 
curlosity. 

“Engineering schools, in general, recognize the importance of 
the ability of the engineer to write and speak, and much atten- 
tion is being given to this phase of engineering education. The 
importance of the human side of engineering has come into more 
general recognition, and the majority of engineering schools have 
developed a social humanistic program to give the student a 
better understanding of over-all human relations. 

‘““A few schools have felt that their objectives in engineering 
education could be accomplished only by the establishment of a 
d-year program, but the majority believe that four years is 
sufficient time in which to give the basic work that they consider 
necessary for the first degree. 


Vol. 33, No. 2. February 1950 T AVP Pal 


for UNIFORMLY 


Wherever the Jones-Bertrams 

Patent Beater is used (and there are 
130 of them in operation in mills in this 
country) mill men acclaim its 
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control, make it possible to improve 
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January 12. 


a useful material. 


“Cooperative education in engineering has many desirable 
features, but the practical details involved have made it difficult, 
if not impossible, for most schools to offer this type of program. 


There seems to be no distinct trend toward formal cooperative 


engineering education. ? , 
“Engineering is not a static profession. Engineering educa- 
tors are aware of their responsibilities and they will continue to 
change engineering education so that it can best meet the chang- 


ing needs of the profession.” 


Meeting of January 12 


The Northern New York Group of the Empire State Sec- 
tion met at the Woodruff Hotel, Watertown, N. Y., on 
Harold Spector of the St. Regis Paper Co., 
presided as meeting chairman. The speaker of the evening 
Jerry Strasser, Manager of the Paper and Adhesives Dept. of 
Stein, Hall & Co., New York City, was introduced by H. A. 
Spencer of Knowlton Bros. Co., Watertown, N. Y. Mr. 
Strasser discussed “The Application of the Water Gels of 
Starch of the Manno-Galactan Origin.” He pointed out that 
such additives as color, filler and size have varying effects on 
starch gums. He also indicated the necessity of using a com- 
plete designation to describe a gum since much confusion has 
arisen due to the wide and indiscriminate use of the terms gel 
and gum. The hydrophylic products were described and 
various applications of this quality were mentioned. He gave 
a brief sketch of their sources and processing, together with 
data in regard to their use. 

Following his talk Mr. Strasser responded to questions. A 


few remarks follow: 


Question: How do these manno-galactan gums act as beater 


additives? 


Answer: We have done a lot of work where they have been 
But in most cases where jordaning or 
heavy beating follows their addition to the furnish, most of 
the plus values that they may have are destroyed, although in 
certain lightweight papers they have been a very definite 
help in forming a tighter sheet. 

Question: What effect has the manno-galactan gums on 
retention of fillers, etc.? ; 

Answer: Their use reduces retention slightly. Fortunately, 
not seriously, however, A sheet having a normal 20% ash 
will be a 19+-% with these gels added to the furnish. 

Question: Could this be because of a tighter sheet keeping 
more fines otherwise lost in the white water, resulting in a 
greater volume of fibers with a seeming reduction in other 


additives? 


Answer: I do not believe so, since an examination of over 
24 white water samples taken during a normal operation in- 
dicated that these gels were not keeping any more fines in the 


sheet. 


Question: Are there any differences in the surface noted with 
the use of the manno-galactans? 
Answer: It forms a flatter sheet, one that is more level. 


Question: Do they modify the wet strength? 

Answer: They seem to impart a very nominal type of 
strength to toweling. 

Question: How do the manno-galactan gums compare with 
the ordinary starches in body? 

Answer: One pound of the manno-galactan gum has as 
much body as ten pounds of starch in the same amount of 
water. 

Question: What per cent of improvement in strength did 
you get in a sulphite sheet as compared with a groundwood 
sheet? 

Answer: Generally speaking, the addition of starch has 
been uneconomical and ineffective. The manno-galactan 
gums are the first additives that has had a positive effect. 
In terms of Mullen strength, the optimum seems to be around 
10%. Where starch does a good job, the efficiency ratio is 
around 5 to 1—that is, one pound of the manno-galactan gum 
will be doing the work of 5 pounds of starch. 


Meeting of February 10 


At the February 10 meeting Walter Couture of the Dilts 
Machine Co., Fulton, N. Y., described some of his impressions 
of the paper industry in England and other European coun- 
tries, obtained during his recent trip. 


LETTERS 10 THE EDITOR 


Austrian Machinery Needs 
To the Editor Tappi 


The attempts of the countries of Western Europe with re- 
gard to a consolidation of their economical situation have 
been generously promoted by the U.S.A. 

In pursuance of the ideas of the ERP the Austrian paper 
industry made up a plan according to which it is intended to 
modernize and rationalize paper and pulp mills, and so to 
increase their profitableness. In that way the Austrian paper 
industry will contribute toward the aims of the Marshall- 
plan. 

In order to realize the projects the financing of which will 
be effectuated by means of ERP funds, some of our member 
mills want to place certain orders in U.S.A. 

The machinery to be purchased in the United States is 
listed as follows: 

A. Complete plants 

(a) for the manufacture of newsprint (capacity of 100 metric 

tons per day ) : 

(b) for the manufacture of machine-made board (capacity of 

60 to 70 metric tons per day) 


One of the Men behind Eastwood Wires 


Robert Zimmerman 
‘“Seaming-ly”’ at Work 


The supervisor of our seaming de- 
partment is shown operating a braz- 
ing machine across a fourdrinier 
wire, the ends of which previously 
had been prepared. 

Under microscopic control, this 
machine brazes a fine, strong, uni- 


form seam that probably will out- largely eliminated. 


EASTWOOD-NEALLEY CORPORATION 
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last the rest of the wire. 

Seams once made by hand were a 
major source of complaints. Today 
—because of the brazing machine 
developed by the Eastwood organi- 
zation—seam troubles have been 
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Eighty years ago, the American paper industry 


Mees . 80th 


was just beginning its great period of expan- 
sion. Since then paper, at lowering costs and 
in increasing volume, has changed the course 
and character of civilization, spreading culture 
and education, stimulating business, elevating 
the standard of living. The progress of the 
paper industry has paced the progress of 
America. 

Also, just 80 years ago, F.C. Huyck & Sons 
began the manufacture of fine quality paper- 


The dramatic story of paper is told in the sound-and-color film, “Paper — Pacemaker 
of Progress,” and in a book under the same title. Both are presented by F. C. Huyck 
& Sons as a tribute to the Paper Industry. The book will be sent free upon request. 
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makers’ felts. Recognizing that every paper 
problem is a felt problem, this organization 
has pioneered in research and in service, work- 
ing always in the closest cooperation with the 
paper industry. 

In observing its 80th Anniversary, F. C. 
Huyck & Sons looks forward to a continuation 
of the policy it has so long pursued, seeking 
new and better ways to help the paper indus- 
try produce more and better paper—the prod- 
uct most used by man. 


(c) for the production of kraft pulp (capacity of 100 metric 
tons per day) 
B. Separate machinery ves 
(a) Newsprint machines (fourdriniers ) | ee ee 
(b) Yankee machines for the manufacture of various 1 
papers 
(c) Eauipinent for stock preparation, such as phere 
refiners, hydrafiners, pulpmasters, beaters, and Jor = 
(d) Finishing equipment, such as calenders, cross-cutters, 
winders, and rewinders 
(e) Equipment for the recovery of fibers (saveall) Cer. 
(f) For the production of chemical pulp: modern Nichols- 
Freeman furnaces ; =: 
(g) For digesting: digesters and modern equipment for a 
direct digesting, as well as for heat and sulphur dioxide 
recovery 
h) For screening: screens, knotters, and strainers 
i) For bleaching: modern equipment for bleaching plants 
i) For dewatering: modern wet machines 
k) Control devices for different stages of the pulp and paper 
production 


We would highly appreciate your help in sending us names 
and addresses of U. S. manufacturers of the above listed 
machinery. If there are companies represented in Europe, 
please let us have the respective addresses. 


Ed. Note: The above letter is printed for the benefit of any 
equipment builders who may wish to get in touch with the 
Austrian Paper, Pulp and Wood Association. 


Vereinigung Osterreichischer ; 
Papier-, Zellulose-, Holzstoff-U. Pappenindustrieller 
VI. gumpendorferstrasse 6 

Vienna, Austria 


EMPLOYMENT SERVICE 


Positions Open 


P46-50. Machine designer. 10 or more years’ experience on 
heavy machinery, preferably papermaking machinery. Apply 

i by letter stating age, educational background, work experience. 
Machine builder in northeast. 

P47-50. Mill superintendent experienced in tissue products in- 
cluding waxing, candy twisting, seat cover twisting, M.F. and 
creping tissues in white and colors. Two machine mills in 
New York State. Prefer man with chemical background and 
some knowledge of secondary fibers. 

P48-50. Working superintendent. Paper converter. Knowl- 
edge of slitting and coating. Plant very near New York City. 

P49-50. Manager for a new laminating division of a large Mid- 
western board mill. Must have knowledge of converting 
operations, sales experience and executive ability. 

P50-50. Graduate physicist with one or two years’ industrial 
experience, preferably with some training in chemistry, is re- 
quired for development work involving the fields of mechanical] 
properties of matter, heat and moisture transfer, optical prop- 
erties of films, and sound absorption as applied to wood fiber 
products. Location: Upper Midwest. 

P51-50. Midwest manufacturer is secking sales representative 
for paper coatings, sizings, etc. Applicant should name ex- 
perience in this field, a chemistry degree, laboratory experience 
Age 25-35. 

P52-50. Large midwest commercial printer desires man with 
practical and technical experience in a mill making offset and 
tub sized printing papers. 


Positions Wanted 


161-50. Research chemist. 45. Ph.D. Desires administra- 
tive technical position in progressive company in pulp and 
paper or related industry. 20 years’ diversified research and 
development experience in sulphite and alkaline pulping, 
bleaching, papermaking, byproducts, and associated fields. 

162-50. ‘Technical sales service position desired, especially with 
chemical or starch products companies. NYSCF Pulp and 
Paper Course graduate, 1941. Research chemist for large 
integrated book paper mill, adhesives chemist in multiwall bag 
factory, and chief chemist for fine paper specialties mill. 

1863-50. Control or research chemist. 1936 Graduate Pulp and 
Paper Course, NYSCF. Extensive experience with insulating 
board and sanitary papers and toweling. 
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CONVERT STARCH 


| Economy 


WALLERSTEIN COMPANY, INC. 180 MADISON AVE., NEW YORK — 


Photo. Courtesy J. M. Huber Corporation 


Single Instrument Measures Smoothness, 
Porosity and Softness of Paper 


You just interchange the lower utility instrument where print- 
test plates in the GURLEY- ing quality of paper must be 
HILL S-P-S Tester to convert reliably measured. 

it into an instrument for testing 


either smoothness, porosity or Bulletin No. 1400 describes 
softness of any type of paper, the S-P-S Tester as well as 
by measuring a given air-leak- other Gurley paper testing in- 
age over or through the paper. struments. It’s worth writing 

This 3 in 1 laboratory ‘“‘as- for today. W.&L. E. Gurley, 
sistant” is simple to operate, Station Plaza & Fulton Sts., 
quick and accurate, and a real Troy, New York. 
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New Process 
for Pulp 
Treatment 


Effect of Curlation Prior to 
Beating, on the Beatibility of 
PREVIOUSLY DRIED NORTHERN 


UNBLEACHED SULPHITE PULP 


TEST DATA 


HP/DT* FREENESS | MULLEN 

843 32.4 

a. 1 822 46.2 

= 2 813 55.0 

a 3 792 66.6 

> 5 723 71.8 

x < 7 628 72.5 

Q = 9 548 73.6 

io 10 492 68.2 

a 11 413 69.7 

74 

Z 50 | 240 63.5 
3 BEATING CURVE ON aw 

= RAW PULP ~s[ 0 840 56.3 

BEATING CURVE ON ae u 805 74.5 

eae pac 3e,-2 | | 8 

BEATING USING 2.5 Seis 690 86.0 

H.P DAYS PER A.D. 2s 4 608 85.8 

TON AT 70° F. a & 5 562 80.8 

aire ae 430 78.3 


187 65.3 


QO 2 4 6 8 10 
BEATER H.P. DAYS PER A.D. TON 


NOTE: Description of the testing procedures employed by the Curlator Corporation Laboratory will be provided u pen request. 


e |llustrated here is the CURLATOR*—the 
machine that permanently curls and twists pulp 
fibres to produce improved sheet characteristics. 

CURLATION is a fully tested and thoroughly 
proved mechanical process. 

Its accomplishments in improved quality and 
outstanding savings justify the attention of paper 
mill executives responsible for sales and profits. 

The chart shown here will be followed by 
others equally informative. Meanwhile, illus- 
trated literature is yours for the asking. 


*T. M. Reg.—Curlafor Corporation, 
Rochester, New York 


wn 
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TALL 


OIL ABSTRACTS 


With Particular Reference to Some End Uses 
EE aa eee 


The following abstracts are a continuation of those already 
published in Tappi. They were prepared by the National 
Southern Products Corp. (600 Fifth Ave., New York 20, 
INS) 

At the present time there are more than 40 industries who 
use tall oil for a variety of products. Tall oil is a product 
of sulphate pulp mills. 


Adhesives 


(1) Hellstroem, H., and Oehstroem, W. An adhesive 
for canvas and paper. Swedish patent 53,028 (May 
1919). 

The adhesive is composed of 92 parts of asphalt, 5 parts of 

tall oil, and 3 parts of a siccative. 


(2) I. G. Farbenindustrie A.-G. Uses of tall oil in 
lacquer, adhesives, etc. German patent 517,902 
(May 2, 1925). 

Purified tall oil is used as one of the constituents. 


(3) I. G. Farbenindustrie A.-G. An adhesive composi- 
tion used for catching insects. British patent 
306,906 (Feb. 26, 1929); B.C.A. 1930 B: 736; 
C. A. 23: 5286. 


Vegetable or animal oil (including tall oil), after chlorination 
at room temperature and then on a water bath, is mixed with 
resins, waxes, and machine oil. 


(4) Tengler, J. Rubber-containing varnish and ad- 
hesive. German patent 618,592 (April 5, 1932); 
Chem. Zentr. 1935, II: 3838. 


An unsaturated compound such as tall oil is vulcanized with 
rubber. The resulting product is then dissolved in organic 
solvents and again vulcanized. A dilution agent is used to pro- 
duce the final desired consistency. 


(5) Holzapfel, M. Adhesive agent for paints. Nor- 
wegian patent 30,639 (March 5, 1918); Danish 
patent 24,399, 


A heated mixture of tall oil and a siccative is dissolved in 
a volatile solvent. The mixture may be heated with or without 
linseed oil. 


(6) I. G. Farbenindustrie A.-G. Tall oil adhesive. Ger- 
man patent 737,437 (Feb. 24, 1939). 


The adhesive is composed of either the vinyl esters of tall 
oil or the acids of tall oil stand oil and urea-formaldehyde con- 
densation products. 


(7) Naamlooze Vennootschap Industrieele Maatschappij 
V. H. Nourry, Van der Lande. An adhesive and 
impregnating agent. Swedish patent 96,530 (May 
23, 1938). 

Tall oil is mixed with isano oil and heated to a temperature 

above 150°C. 


(8) Peterson, M., and Son Aktieselskab. Adhesive and 
impregnating agents for paper and board. Nor- 
wegian patent 65,350 (April 1, 1940). 

The acids in tall oil are neutralized by heating the oil with 

a suspension of calcium oxide in water. Any excess lime acts 
as a filler. Most of the water is then evaporated, and the 


resulting product heated for 15 minutes at a temperature of 
130-140°C. 


(9) Bent, Franklin A., and Peterson, Elbert A. The pro- 
duction and uses of tall oil ester resins. U. S. 
patent 2,424,047 (July 15, 1947); B.LP.C. 17: 
744; C. A. 41: 6418. 

The esterification of tall oil with polyhydric alcohols of 
aliphatic character produces resins having desirable film-form- 
ing properties. Some of the preferred alcohols are: allyl, 
methallyl, ethallyl, chlorallyl, etc. Direct esterification of the 
alcohol with the acid, with or without solvent, is one method 
of forming the product; the acid exchange between tall oil and 
a polymer of an allyl-type ester is another. Some of the uses 
of the products are: as adhesives and interlayers for laminated 
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articles; as self-sustaining films; and for sizing and impregnat- 
ing cloth felt, or paper. 


10 Kirjakka, P. Preparation of a binding agent for 

rey mein paints and adhesives. Swedish patent 112,605 
(Dec. 5, 1944); C. A. 40: 7658. 

Liquid resin, obtained from the production of sulphate cellu- 
lose, is heated with a drying oil for several hours at a tem- 
perature of 100-300°. ster exchange, polymerization, and 
condensation take place during the heating period. 


Amino Alcohol Esters 


(1) Jayne, David W., Jr., and Day, Harold M. Produc. 
tion of tall oil esters of amino alcohol. U. S. Patent 
2,322,202 (June 15, 1943); C. A. 38: 120. 


A mixture of tall oil, an organic sulphonic acid, such as 
benzenesulphonic or p-toluenesulphonic acid, and an amino 
alcohol with at least one primary or secondary group is heated 
to 150°C. to produce tall oil esters. Various reactants are 
listed. 


Ammonium Salt 


(1)- Jayne, David W., Jr. Production of an ammoniated 
tall oil product. U. S. patent 2,238,021 (April 8, 
1941); C. A. 35: 4335; B.C.P.A. 1942B, II: 234. 


Two parts of tall oil are dissolved in a small amount of alco- 
hol; then anhydrous ammonia is introduced to prepare an al- 
coholic solution of anhydrous, completely saponified, ammon- 
ium tall oil soap. By maintaining a substantially anhydrous 
mixture, a relatively clear solution, containing a small excess 
of ammonia dissolved in alcohol, is obtained. The dark amber, 
homogenous fluid readily dissolves in water to give a nearly 
clear solution. Methanol, isopropanol, secondary and tertiary 
butanols, and tertiary amyl alcohol are the alcohols suggested 
for use. Anhydrous conditions are difficult to maintain when 
using ethanol. As a flotation agent the ammonium soap of 
tall oil has desirable properties. It is not commercially useful 
in the form of dilute aqueous solutions, because of the cost 
of shipping the large amounts of water present. 


Asphalt Adhesive 


(1) Hellstroem, H., and Oehstroem, W. An asphalt ad- 
hesive. Swedish patent 53,028 (May 17, 1919). 
An asphalt adhesive is composed of 92 parts of asphalt, 5 
parts of tall oil, and 3 parts of a siccative. 


Asphalt Emulsions 


(1) Cosenza, F. Asphalt emulsions. 
379,684 (Aug. 18, 1939). 


Asphalt is treated with tall oil as an emulsifier. The tall 
oil is heated to about 110°C., and 0.7% of tall oil is used. 
The tall oil-treated asphalt and half its weight of 0.4% NaOH 
solution are fed to a mixer and shaken for two to three min- 
utes. A pretreatment, using 0.8% of the weight of asphalt of 
80% H2SOx at 110-130°C., is necessary when the asphalt has 
high ash content. 


(2) De Laney, William W. Asphalt emulsions. U. S. 
patent 2,350,548 (June 6, 1944). 


An emulsifier, used to produce intermediate breaking aqueous 
asphaltic emulsions, is used in two alkali metal soaps. In an 
alkali metal soap of petroleum hydrocarbon—insoluble pine- 
wood resin, from about 50 to 80% by weight of the soap is used. 
In an alkali metal soap of a material having a saponifiable 
acid constituent in the group, from about 20 to 50% by weight 
of soap is used. The acid constituent in the group consists 
of a mixture of fatty and rosin acids, which are the major 
constituents of tall oil. 


Italian patent 


(3) Ebano Asphalt—Werke A.-G. Aqueous emulsions 


of bituminous materials. Ger tent 722.6 
(April 24, 1940). ices vie 
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SLIME 
IS MONEY 


Although you may never see a bill, studies show that slime costs the 
average paper mill $400 or more a day and is responsible for such costly 
troubles as wet end breaks, pin holes, slime spots, poor sheet formation, etc. 

Break-Point Chlorination, engineered to your particular needs, has 
proven its slime fighting ability in hundreds of installations. This process, 
applied by dependable W&T Chlorinators, to your fresh water supply, often 
in conjunction with chloramines or other corrective chemicals to your stock 
or white water, gets results because it destroys the very cause of the trouble 
—slime forming bacteria. Moreover, members of W&T’s 
nation-wide service organization with over 35 years’ experi- 
ence at their fingertips, carefully engineer each installation, 
to insure that you will receive maximum protection against 
slime at the lowest possible cost. 

Your nearest W&T Representative will be glad to give 
you full details on how Break-Point Chlorination can cut 
your slime costs. Call him today. 


WALLACE & TIERNAN 


. COMPANY, INC. 
CHLORINE AND CHEMICAL CONTROL. EQUIPMENT 
NEWARK 1, NEW JERSEY ° REPRESENTED IN PRINCIPAL CITIES 
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A small amount of bitumen is mixed with tall oil and 
sulphur chloride. When the reaction is complete, more bitumen 
is added and the mixture emulsified with alkali. 


(4) Grader, Robert. Emulsions for bitumens. German 
patent 706,355 (April 17, 1941); addition to 
703,599; C. A. 36: 2714. 

The emulsion may be made from tall oil or tall oil pitch. 

* The oil or pitch is blown for 20-60 hours at 100—-150° in the 

presence of cobalt resinate or copper naphthenate. 


(5) Rosenecranse, Charles R. An asphaltic emulsion. 
U. S. patent 2,431,891 (Dec. 2, 1947); C. A. 42: 
1734. 


Asphalt, which has been processed to penetration of 26-30 
and a melting point of 210-260°F., is heated to 300°F. and run 
through a colloid mill in contact with an aqueous dispersion, 
at a temperature of 180°F. The aqueous dispersion is com- 
posed of: water 95.04%, petroleum-hydrocarbon-insoluble 
pinewood resin 3.0%, bentonite clay 1.4%, tall oil 0.10%, and 
caustic soda 0.46%. The final temperature of the emulsion is 
then rapidly reduced to 150°F. The sprayed colloidal-asphalt 
suspension is used to render coal dustproof, impervious to 
oxidation and moisture, and to prevent stacking and weather- 
ing of the coal. 


(6) Hjelte, Sixten Magnus. Bituminous emulsion. U. S. 


patent 2,434,243 (Jan. 13, 1948); C. A. 42: 2098. 


A suspension is prepared from water and the lime sludge 
obtained from the sulphate process of paper and pulp manu- 
facture. An aqueous solution of alkali casemate with a small 
amount of ammonia is then added, and this mixture is incor- 
porated into a bituminous base, such as asphalt, tar and pitchy 
residues obtained from distillation or fractionating tall oil or 
liquid resin from waste liquors in the alkaline process of pulp 
and paper manufacture. A stable emulsion is obtained and 
adheres to damp and moist surfaces; therefore, it is useful for 
coating of walls and roofs. Upon drying, the surface is im- 
permeable to water and resistant to temperature variations. 


Axle Grease 


(1) Keghel, M. de. The composition of tall oil and its 
utilization. Rev. Chem. ind. 35: 170-173, 202-206 
(June, July, 1926); Pulp Paper Mag. Canada 26, 
no. 16: 529-531, 546, 548 (April 19, 1928); C. A. 
21: 1354; T. S. 85; 212. 

Axle greases and dark colored printing inks can be manu- 
factured from the resin fraction of tall oil. 


Bibliography 
(1) Bray, Mark W., Martin, J. S., and Smith, L. H. A 


list of references to literature on tall oil (tallol, 
liquid rosin, pine oil or black liquor soap). U. S 
Dept. Agr., Forest Service, Forest Products Labora- 
tory, Aug., 1938. R1129. 9p. Processed. 98 
references. 

(2) Jakobson, Torston. Tall oil or liquid rosin. Svensk 
Papperstidn. 42, no. 18: 473-474; no. 20: 513- 
514; no. 21: 534-535; no. 23: 600 (1939); no. 2: 
24-25; no. 3: 44-45; no. 4: 65-66; no. 6: 109-110; 
no. 9: 175-179 (1940); 46, no. 6: 128-129, no. 
183-186; no. 12: 283-284 (March 31, April 30, 
June 30, 1943); 47, no. 19: 473-474; no. 20: 492- 
494; no. 23: 580-581; no. 24: 605-607 (Oct. 15, 
31, Dec. 15, 31, 1944); B.I.P.C. 10: 436. 


378 references. 


Bitumen 


(1) Johnson, James M. Use of amine soaps as surface- 
active agents. U. S. patent 2,419,404 (April 22, 
1947); C. A. 41: 6070. 

The presence of small amounts of amine soap is desirable in 
bituminous paving material. The paving material, when 
amine soap is present, completely coats wet or dry aggregates 
and improves the adhesion and aging qualities. An acylami- 
doamine soap is dispersed in asphalt before use. 


Bleaching 


(1) Plauson, H. Bleaching soaps, fats, fatty acids and 
tall oil products. German patent 694,142 (Oct. 26, 
1938); C. A. 35: 5338. 
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An alkali—or formaldehyde—hydrosulphite and hydrogen 
peroxide in the amount of 0.5-4% of the material to be 
bleached are used in the presence of 10-60% of water. The 
ratio of the hydrosulphite to hydrogen peroxide is from 1:3 
to 1:6. Sulfuric acid is added when bleaching fatty acids or 
oils. 


Board 


(1) Bonell, F. T. B. Impregnation of paper and boards. 
Swedish patent 109,319 (Oct. 14, 1943); Chem. 
Zentr. 1944, II: 386. 


Calcium salts of tall oil acids, which have been purified 
by an oxidation treatment or treated with sulphur chlorides, 
are used to impregnate paper or board. 


(2) King, George D. A pressed fibrous product. Cana- 
dian patent 434,183 (April 16, 1946). 


An aqueous emulsion containing tall oil is prepared by 
heating the oil above 140°F. This emulsion is added to a 
fibrous material, the tall oil is precipitated into the fibers by 
an acid-reacting metallic salt, and the suspension formed into 
a coherent mass, dried and consolidated at a temperature be- 
tween 350° and 500°F. under a pressure of 500 to 1500 p.si. 
The hardboard thus produced contains 2-10% tall oil, has 
a density of 50-72 pounds per cubic foot, and varies in thick- 
ness from 0.1 to 0.25 inch. 


(3) Bergstrom, Hilding O. V., Heijmer, Gustaf B., and 
Trobeck, Karl G. An oil-hardened fiberboard. U.S. 
patent 2,437,931 (March 16, 1948); C. A. 42: 5226. 


An impregnating oil is obtained by the distillation of tall 
oil under vacuum. The fraction up to the point at which all 
the tall resins and part of the fat acids have been distilled is 
collected. This fraction may be used, with 10 parts of its 
weight of linseed oil and twice its weight of water, to form an 
emulsion which is stable for at least 24 hours. Upon heating 
the impregnated boards, the oil drys and hardens causing a 
hardening of the board. 


Briquetting Agent 


(1) Lange, A. Use of rosin soap from the soda process 
in the manufacture of briquets. German patent 
314,445 (April 30, 1918); Chem. Zentr. 1919, 4: 
927. 


Tall oil soap is separated from black liquor, warmed with 
sodium hydroxide, and the large soap flakes treated with 
sodium peroxide. After the solution has been evaporated and 
the excess soda crystallized, the liquid may be used as a bind- 
ing agent in the manufacture of briquets. 


Cement 


(1) Lidvall, N. A. F. Tall oil in cement, Swedish patent 
82,448 (Jan. 22, 1935); C. A. 31: 2771. 


Sulphate oil or sulphate oil pitch may be mixed with 
cement. 


(2) Lidvall, N. A. F. Sulphate oil as a binding media. 
Swedish patent 85,020 (Dec. 3, 1935); C. A. 30: 6478. 


The sulphate oil is converted into a stable form by heating 
with calctum hydroxide, cement, or another stabilizing agent. 
More stabilizing agent is added until a product of the desired 
hardness is obtained. Sand, stones, fibers, and mineral oils 
may be added as filling materials. 


(3) Chemische Fabrik Grunau, Landshoff und Meyer 


A.-G. _ Use of tall oil in cement. German patent 
681,856 (Feb. 7, 1936). 


A cement may be made of a solution of tall oil in benzene, 
benzine, hydrocarbons, trichloroethylene or similar solvents, 
fillers, and vaseline. 


(4) Holzapfel, M. Preparation of a cement from tall 
oil. Norwegian patent 30,239 (March 18, 1918). 


Tall oil is heated with lime then mixed with cement. The 
product can be used as a cement, an adhesive for dyes, or 
as a general adhesive. 


(5) Booth, Robert Ben. Increasing the plasticity of 


Portland cement mixtures. U. S. tent 2,311,2 
(Feb. 16, 1943). pep ie 


Black liquor soap, added prior to, during mixing, or incor- 
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Mills thet 


compare 
Refiners 


choose 


Sprout-Walidron 


The MAIZEWOOD Installation 


A battery of S/W Refiners and stock conveyors recently 
installed at the Maizewood Insulation Co., Dubuque, lowa. 


When all the pros and cons are weighed about pulp refiners, 
your choice will be Sprout-Waldron. Here is a 

high quality refiner that does more at less cost. 

A humdinger in any type of pulping, 

it far outperforms similar equipment in semi-chemical operations. 


Its rugged construction, precision engineered, includes 

the unique peripheral control ring feature. 

This provides great flexibility of adjustment, 

enabling you to produce a wide variety of pulp characteristics. 
With the Sprout-Waldron you can pinpoint exact 

pulp requirements. Long-life plates are available 

in many styles... are easily changed and inexpensive. 


Your initial investment in a S/W Refiner 

is comparatively low. High production rates, economy 
in power consumption, ease of operation, adjustment, 
and maintenance, mean additional savings. 


S/W Refiners do a wide variety of 
jobs—all of them thoroughly and 
economically. Here are some applica- 
cations: refining kraft, soda, and sul- 
phite knotter and fine screen rejects; 


hogged bull screen rejects; knotter Let a Sprout, Waldron representative explain how these 


and second screen rejects of raw 


Groundwocdilsemichemical chips ‘of refiners can step up your output and cut operating costs, 
all kinds; spent chips after extraction or ask for Bulletin R-748. Address Sprout, 
process; bagasse, straw, and similar Waldron & Co., Inc., 38 Waldron Street, Muncy, Penna. 


grasses; breaking down lumps in re- 
claimed waste paper stock; reduction 
and refining of rag and other half 
stocks, etc., etc. 
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orated during grinding of the clinker, increases the plasticity 
bf Portland cement. earn 0.001 to 0.01% of black liquor 
soap, based on the amount of dry cement in the wet mix is 
added. To obtain a more uniform distribution in the mix 
the soap is mixed with fine sand or kieselguhr. 


(6) Mark, Jacob G. Scale resistant concrete and cement. 
U. S. patent 2,240,144 (May 6, 1947); B.I.P.C. 17: 
606; C. A. 41: 5278. ® 


Used as grinding aids and air entraining agents in Portland 
cements for concrete. 


Cement Dye 


(1) Kroenlein, J. Liquid rosin in cement dye. 
patent 46,968 (April 25, 1918). 


Liquid rosin can be used as a component of cement dye. 


Swedish 


Cleaning Agent 
(1) Lowe, Charles S. Emulsion cleaner. U. S. patent 
2,374,133 (April 17, 1945). 

A solvent emulsion cleaner contains (parts by weight) 40-60 
of tall oil, 76-114 of triethanolamine, 20-30 of 50% potash 
solution, and 6.4-9.6 of pine oil. Sufficient potash is used to 
insure an excess after reacting with all the tall oil in the 
mixture. 


(2) Unger, Th. B. Preparation of cleaning agents from 
tall oil. Norwegian patent 65,134 (Dec. 21, 1940). 


Crude tall oil is dehydrated and sulphonated. It is treated 
with hydrogen peroxide at 80-90°C. to improve the odor, then 
neutralized. The neutral product can be mixed with other 
soaps, and the mixture dried. 


Coating Agent 


(1) Getty, Edmund. The use of sulphonated tall oil in 
the manufacture of coated paper. Paper Trade J. 
114, no. 8: 130-132 (Feb. 19, 1942); B.LP.C. 12: 
215. 


Excellent results in coating application and in the quality 
of the finishing paper have been obtained from the use of 
sulphonated tall oil in coating mixes. When used in relatively 
small quantities, sulphonated tall oil gives better brushing 
and a more desirable surface appearance than does sulphonated 
castor oil. Using large quantities of sulphonated tall oil 
increases the folding endurance and bursting strength of the 
test sheets. High tear resistance is imparted to test sheets 
with clay-casein coatings containing sulphonated tall oil. 


(2) Stewart, C. W. An adhesive for paper clay coatings. 
ree oe Mag. Canada 43, no. 4: 333 (March, 


The formula for a brush-type coating is as follows: zein 10, 
sulphonated tall oil 4, caustic soda 0.4, water 125, and china clay 
100 parts. 


(3) Beckman, Arnold O., Bush, William A., and Rubin, 
Harry. Coating material and product. U. S. patent 
2,277,287 (March 24, 1942). 


Two coatings, one a tacky undercoat and the other a non- 
tacky overcoat, are proposed in the coating of paper. A mix- 
ture of tall oil and castor oil may be used for the first coat. 


(4) Grohn, Hans, and Herminghaus, Heinrich. Com- 
positions of coatings. German patent 632,084 (July 
2, 1936); C. A. 30: 6969. 


A solution of organic colloids, such as copal, factice, or 
rubber, and tall is treated with a drier. The solution is then 
mixed with fillers, pigments and drying oils, or diluted with 
an organic solvent. 


(5) Rice, Williams J. Method of making a coating com- 
position. U. S. patent 2,373,709 (April 17, 1945). 


A mixture of tall oil, rosin, and lime in an amount of 
10-15% of the rosin used gives a resinous reaction product. 
It is an ungelled, hard resin, and is soluble in organic solvents. 


(6) Stewart, Charles W. Tall oil in papercoating. U. S. 
patent 2,370,268 (Feb. 27,1945). 


The composition of a coating is given as follows: 63% 
sulphonated tall oil 2-8, zein 6-16, sodium hydroxide 0.3-0.5, 
water 60-200, China clay 100 parts. Some of the advantages 
of this coating are its light color, elimination of foaming 
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difficulties, improved printing characteristics, and ease of use 
in connection with a roll-coating machine. Another coating 
contains zein, tall oil, potassium rosin size made from hydro- 
genated rosin, sodium hydroxide, water and China clay ; 
another contains tall oil, zein, urea, ammonium hydroxide, 
water and China clay. 


7 Kemner, H. Use of tall oil in the coating industry. 
@ Farben, Lacke, Anstrichstoffe 1, 20-21 (1947). 

Good coatings can be obtained by the treatment of vacuum- 
distilled tall oil with calcium or zinc oxide then esterification 
with suitable polyhydric alcohols; by incorporation into alkyd 
resins; or by reaction with China wood or oiticia oil, then 
esterification. 


(8) Hjelte, Sixten Magnus. Bituminous emulsions. Loc. 
cit., Asphalt Emulsions (6). 


Core Binder 


(1) Imperial Chemical Industries, Ltd., and Bunbury, 
H. M. Tall oil in core binders. British patent 
348,315 (March 29, 1930); C. A. 26: 3081. 


Hither tall oil or liquid rosin is used with or without linseed 
oil, glue, starch or alkali. Cobalt linoleate or alkali may 
be used as an emulsifier. 


Cotton Bucking 


(1) Kollmann, Ieo. Tall oil in textile processing. Mel- 
liand Textilber. 20, no. 2: 129-131 (Feb., 1939); 
C. A. 33: 5666; B.I.P.C. 9: 368. 


A soap product for use in bucking cotton, degumming silk, 
scouring wool, desizing rayon, and in dyeing processes is pro- 
duced by the neutralization of tall oil with caustic alkali. 


Cutting Oils 


(1) Keghel, M. de. Tall oil in cutting oils. Rev. Chim. 
ind. 35: 170-173, 202-206 (June, July, 1926); 
Pulp Paper Mag. Canada 26, no. 16: 529-531, 546, 
548 (April 19, 1928); C. A. 21: 1354; T. S. 85: 212. 


Distilled fatty acids of tall oil may be used as a base for 
cutting oils, textile oils, leather oils, ete. Listed are a number 
of uses that can be made of the distilled fatty acids, the 
resin fraction, and the sulphonated resin acids. 


(2) Kleine, C. W. A. Lubricating and boring oils. 
Swedish patent 48,619 (Sept. 24, 1917). 
Liquid rosin is treated with alkali, in such a manner that 
an acid salt is not formed, then distilled using superheated 
steam. iy Sop 


(3) Obst, Ws Utilization of tallecil. SeifeusiederZimt 
60: 856 (1933). 

This is a description of methods of separating the fatty and 

rosin acids in tall oil and of deodorizing tall oil soap. 


Listed are a number of uses of tall oil of which cutting oils 
is one. 


(4) Patch, Richard H., and Dambacher, Fritz. Product 
resulting from polymerization, condensing and oxi- 
dizing tall oil. U. S. patent 1,938,532 (Dee. 5, 
1933); C. A. 28: 1207; B.C.A. 1934B: 848. 

A dark, clear oil, nonsludging and practically odorless is 
produced from crude tall oil by the action of oxygen on the 
oil at a temperature of 110°C. for about 40 hours. The oil 
can be used as a cooling oil in cutting metals. The specific 


gravity and viscosity of the oil may be varied by using different 
catalysts. 


(5) Patch, Richard H., and Leaper, Joseph M. Cutting 
oil for metal. U. S. patent 1,919,125 (July 18, 
1933); C. A. 27: 4919, 

A number of formulas are given for the preparation of 
cutting oils. Some of the formulas are as follows: tall oil 
5%, lard oil 5%, and mineral oil 90%; tall oil 8%, oleic acid 
6%, 35 deg. caustic soda solution 4%, monoethyl or monobuty] 
ee glycol 4%, mineral oil 78%; tall oil 25%, mineral oil 

O- 


(6) Abramowitz, William L., and Beach, Ralph M. Cut- 
ting oils from sulphurization of oils and fats. U. S. 
patent 2,313,611 (March 9, 1943); C. A. 37: 5266; 
B.C.P.A. 1944B, II: 361. 

Sulphurization of oils and fats with liquid sulphur halides 

for about */2 hour in the presence of ammonia produces a 
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material useful for the manufacture of cutting oils. The 
liquid sulphur halides suggested for use were: thionyl chlo- 
ride, sulphur dibromide, sulphuryl chloride, and sulphur mono- 
or dichloride. The methyl] esters of tall oil fatty acids were 
among the products used. 


(7) Pollak, Arthur, and Hastings, Randall. Sulphurized 
cutting oils. U.S. patent 2,198,562 (April 23, 1940) ; 
C. A. 34: 6444. 

Tall oil is desirable in cutting oils because of its sulphur- 
retaining capacity. Refined tall oil will absorb in excess of 
25% by weight of sulphur, which is greater than that of either 
mineral or vegetable oil. Upon standing, the oils deposit a 
sludge, but this may be reduced to a minimum by heating the 
tall oil and sulphur under controlled conditions. An example 
of the process is given. 


(8) Sudholz, Louis H., and Flemming, Cecil D. An im- 
proved cutting oil. U. S. patent 2,429,198 (Oct. 14, 
1948); C. A. 42: 359. 


The deposition of sludge from a cutting oil, which is com- 
posed of sulphurized tall oil or mineral oil, can be reduced 
to a small amount of a nonadhesive material by the addition 
of 5-30% of an aromatic solvent derived from high-temperature 
catalytic conversion of petroleum oils. 


Degreasing Agent 


(1) Curran, Alton F. Liquid degreasing agent. U. S. 
patent 2,107,287 (Feb. 8, 1938); C. A. 32: 2655, 
T. S. 109: 47. 


Tall oil is saponified with potassium hydroxide or a 50-50 
mixture of potassium and sodium hydroxides. A tall oil con- 
taining 50-70% rosin acids, 20-40% fatty acids, and about 
10% unsaponifiable matter is preferred. The alkali solution 
is sprayed into the tall oil at room temperature, 25-75% of 
liquid petroleum hydrocarbon is added as a grease solvent, 
and the emulsion is stabilized with 15-30% cresylic acid. 


(2) Curran, A. F. Composition of a liquid degreasing 
agent. U.S. patent 2,107,288 (Feb. 8, 1938); C. A. 
32: 2655; T. S. 109: 47. 


The degreasing composition is made by mixing tall oil and 
an anhydrous liquid solvent, such as cresylic acid. The result- 
ing composition is diluted with a liquid hydrocarbon grease 
solvent such as carbon tetrachloride or kerosene. 


(3) Hodges, Paul. Degreasing agents. U. S. patent 
1,993,098 (March 5, 1935); C. A. 29: 2632; T. S. 
' 101: 297, 

Examples are given of the compositions of various de- 
greasing agents containing floating soap. An example of one 
is: floating soap 25%, alcohol 37.5%, trichlorethylene 37.5%. 
Floors may be scrubbed with the compositions, or hides and 
metal articles may be degreased by dipping. 


Deinking 


(1) Schmid, W. Utilization of liquid rosin. Zellstoff u. 
Papier 13, no. 12: 571-572 (Dec. 1933); B.I.P.C. 
4: 100; C. A. 28: 2529. 
Liquid rosin obtained from tall oil is used for deinking of 
newsprint. 


Detergents 


(1) Bennet (Hyde) Ltd. Detergents. British patent 
491,960 (Sept. 12, 1938); C. A. 33: 1419. 

When tall oil is saponified with an excess of an alkaline 
solution, a grease solvent added, and phenol added in amount 
sufficient to neutralize excess alkali; a stable degreasing agent 
is obtained. / 


(2) Friesenhahn, P. Washing, wetting, and emulsifying 
agent. Swiss patent 152,220 (May 31, 1930). 

The agent is a mixture of sulphonated organic compounds 
and alkah phosphates. Sulphonated tall oil produces a de- 
sirable agent. Some of the uses are: as carrier for insecti- 
cides, in the preparation of cold asphalt mixtures for  bri- 
quetting dust, and as a soap in the textile industry. 


(3) Dreger, Emil E., and Ross, John. Process for the 
production of a detergent. U. S. patent 2,290,583 

(July 21, 1942); C. A. 37: 483. 
Fatty acids of tall oil are chlorinated with a stream of 
chlorine, either directly or in a solvent. Five parts of gly- 
cerol are added to 55 parts of 20% oleum at a temperature 
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of 10°C. The temperature is increased to 30°C. and 20.5 
parts of the chlorinated tall oil added slowly to the glycerol- 
oleum mixture. The acid mixture is agitated for two hours, 
poured into 250 parts of water and 250 parts of ice, then neutral- 
ized with approximately 180 parts of 23.6% sodium hydroxide. 
It is used in compositions to be used as dispersing, emulsify- 
ing, penetrating, solubilizing, washing, and wetting agents. 


4 Garverich, Edwin S., and Martin, William L. Prep- 
Se aration Tie dcleteent agent. U.S. patent 2,411,090 
(Noy. 12, 1946). 
The composition of a detergent agent is as follows: 525% 
tall oil, 25-75% bentonite, about 5% alkali metal phosphate, 
and 25-45% alkali metal sub-silicate. 


Disinfectant 


(1) Hyde, Elmer H. Composition of a disinfectant. 
U. S. patent 1,882,618 (Oct. 11, 1932); C. A. 27: 
810. 

Tall oil is mixed with water-gas-tar distillate, water, and a 
liquid resinate. The distillate is obtained from water-gas-tar 
between 100 and 335°C., and the liquid resinate contains rosin 
and fatty acids, lignin, alkalies, and water. Examples of com- 
positions are given. 


Drawing Oil 


(1) Nill, Edward A. Method of making a drawing com- 
position. U. S. patent 2,326,387 (Aug. 10, 1943) ; 
C. A. 38: 541. ; 


A sulphonated mixture of either crude or refined tall oil 
and sperm oil is used to make a drawing oil. The mixture 
contains 10-30% sperm oil, which plasticizes the tall oil and 
dries the product to a softer film. 


Dyeing 


(1) Kollmann, Leo. Tall oil in textile processing. Mel- 
liand Textilber. 20, no. 2: 129-131 (Feb., 1939); 
C. A. 33: 5666; B.I.P.C. 9: 368. 
A soap, useful in degumming silk, scouring wool, bucking 
cotton, desizing rayon, and in various dyeing processes, is 
made by the neutralization of tall oil with caustic soda. 


Emulsifying Agent 


(1) Becher, C., Jr. Tall oil or liquid rosin. Chem.-Ztg. 
60, no. 37: 373-375 (May 6, 1936); T. S. 103: 
246; B.I.P.C. 6: 415. 


Tall oil consists of fatty (oleic and linolenic, with small 
amounts of palmitic and isolinolenic acids) and rosin acids 
(oxyresinic and abetinic acids). Methods of purification and 
the use of tall oil for soaps and asphalt emulsions are discussed. 


(2) Bjorn, E. A. VY. Emulsifier for the preparation of 
emulsions for road surfacing. Swedish patent 72.,- 


188 (Oct. 21, 1929); T. S. 94: 219. 


The emulsifier is composed of hydrolyzed and polymerized 
resin acids and sulphonated rosin acids, or other materials 
having strong moistening properties. 


(3) Boehme, A.-G., H. Th. Capillary active ester-like 
sulphuric acid compounds. German patent 596,510 
(June 19, 1930); C. A. 28: 5185. 


Tall oil is treated with hydroxylated or hydrogenated deriva- 
tives of ethyl sulphite or ethionic acid. The resulting products 
are used as cleaning, dispersing, foam-forming, or wetting 
agents. 


(4) Chem. Fabrik Floersheim Dr. H. Nordlinger A.-G. 
A substitute for Turkey-red oil. German patent 
310,541 (Dec. 15, 1915) ; 314,017 (Dee. 19, 1915) ; 
J. Soc. Chem. Ind. 39: 164A; Pulp Paper Mag. 
Canada 19: 540. 


A product resembling a fatty oil and a solid acid resembling 
abietic acid are obtained by the distillation of liquid resin under 
reduced pressure. The distillate, after separation of any 
crystallizable constituents, is sulphonated with sulphuric acid ; 
and the sulphonic acids, which are almost completely water 
soluble, can be almost completely neutralized. Semi-solid or 
gelatinous soaps result from complete neutralization of the 
acids. ‘The solutions can be used in the textile industry for 
dressing and mordanting and as a media for the emulsification 
of oils, fats, and organic liquids with water. 
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5 Disney, John H., and Kernot C. Emulsions of 

on strep es substances of oils. British patent 274,- 
142 (Jan. 15, 1926); French patent 628,302 (Nov. 
26, 1926); C. A. 22: 2017; Chem. Zentr. 1928, I: 
452. 

A product, which may be used in liquid form or dried to 
a solid and prepared for use when desired by adding dilute 
alkali, is made by mixing one part of dry gelatin in one part 
of water with two parts of liquid rosin. It may be used for 
emulsifying coal tar, pitch, or mineral, vegetable, or similar oils. 


(6) Grader, Robert. Bituminous emulsions. German 


patent 703,599 (Feb. 6, 1941); C. A. 36: 652. 


Tall oil, containing 15-28% chlorine, is used as an emulsifier 
for bitumen. The chlorinated tall oil is added to bitumen, 
heated to 100-120°C., and the hot bitumen is transferred to 
an aqueous alkaline solution and agitated until the mixture 
is emulsified. 


(7) Hein & Company. Aqueous emulsions of tall oil. 
German patent 479,085 (June 10, 1925); C. A. 
23: 4842. 


The dispersion is made with aniline or its homologs, in 
the presence of soap with or without naphthol. 


(8) Hodges, Paul. The use of floating soap and its 
derivatives. U. S. patent 1,992,949 (March 5, 
1935); T. S. 102: 168; C. A. 29: 2497. 


Floating soap may be used as an emulsifying agent for 
casein, linseed oil, lubricating oil, paraffin wax, pine oil, rosin, 
rubber, stearic acid, and turpentine. A paraffin emulsion is 
made by melting together 10 parts of soap, 10 parts of wax, 
and 3 parts of oleic acid. This molten mixture and 50 parts 
of water produce the emulsion. It is also useful in the flotation 
of sulphide and oxide minerals and in producing suspensions 
of pigments. 


(9) I. G. Farbenindustrie A.-G. Tall oil derivatives as 
dispersing agents. British patent 340,272 (July 19, 
1929); C. A. 25: 4136; B.C.A. I1931B: 334. 

True sulphonic acids are produced by treating tall oil esters 

or amines with sulphonating agents. The products may be 
used in acid or alkaline liquids or those containing alkaline 
earth in carbonizing, dressing, dyeing, mercerizing, and mill- 
ing processes. 


(10) Imperial Chemical Industries, Ltd., Bunbury, H. M., 
and McGlynn, R. P. Emulsifying agents. British 
patent 369,985 (Nov. 29, 1930); C. A. 27: 3046. 


_ Tall oil or liquid rosin is heated with a polyhydrie alcohol, 
in the presence of an esterification agent such as calcium or 
magnesium glycerate, and the resulting ester is treated with a 
sulphonating agent at a temperature not greater than 40°C. 
to form a sulphuric ester. 


(11) Meyer, Erwin, and Uddeholms Aktiebolag. Aque- 
ous emulsions. British patent 365,844 (Feb. 25, 
1931); C. A. 27: 1687. 


Turpentine oil, preferably obtained from the sulphate proc- 
ess or charcoal industries, is used as the sole emulsifying agent 
in the preparation of aqueous emulsions. Colophony, liquid 
rosin, paraffin, and bitumen-asphalt emulsified with water may 
be used for impregnating wood, paper, textiles, and sizing paper. 


(12) Nuessel, Hans. Bituminous emulsions. Bitumen 
11: 45-51 (1941); Chem. Met. Eng. 49, no. 1 
156-157. 


The behavior of an asphalt, when dispersed in potassium 
hydroxide and the dispersion promoted by the addition of 1, 
2, and 3% of tall oil, is shown graphically. Desired fineness 
1s not approached until higher than 3% concentrations of alkali 
are reached. 


(13) Obst, W. New uses of tall oil. 
60: 856 (1933). 


Methods of deodorizing soap containing tall oil and of 
separating the rosin and fatty acids are given. Tall oil may be 
used in the manufacture of cutting oils, emulsifying agents, 
factice, plastic masses, road emulsions, and textile oils. 


(14) noe fo Clon ee of tall oil. Oil & Soap 
: 87— 3; C. A. 34: 3492; B.I.P.C. 11: 32: 
B.C.P.A. 1940B: 544. : a 


Tall oil is used in making asphalt emulsions, as a substitute 


for fatty. acids in softening rubber, in the soap industry, and 
in the petroleum and paint industry. é 


(15) phompson, o Fond McGivern, W. J. Bituminous 
emulsions. British patent 263,307 Os ; 
C. A. 22: 163. achiral! 
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Liquid rosin is used with a natural bitumen and an alkali 
as an emulsifying agent. 
Ss i Isions. 
(16) Uddeholms A.-B. The preparation of emu 
Swedish patent 71,267 (Oct. 31, 1928). 
Tall oil is mixed with water to prepare an emulsifying agent 
to be used with turpentine oil. 


The uses of tall oil. Tech. Bull. Paper Makers’ 
at Assoc. Gt. Britain Ireland 13, no. 8: 109 (Aug., 
1936); B.LP.C. 7: 29; T. S. 103: 340. 

Refined tall oil is used in the manufacture of hard and semi- 
hard soaps. These soaps have good lathering and emulsifying 
properties. Tall oil is also used in asphaltic emulsions, fruit 
tree sprays, and varnishes for outdoor use. 


(18) The use of waste products. Farbe u. Lack 1927: 
116, 127; Chem. Zentr. 1927, I: 2492. 

The uses of tall oil include the preparation of emulsions, 
impregnating agents, and substitutes for rosin oil. 


(19) Allgemeine-Elektricitats-Ges. 
paste from solid polyvinyl compounds. 
patent 642,751 (Dec. 20, 1932). 

Tall oil, which has been saponified with potassium carbonate, 
can be used as an emulsifying agent in the preparation of 
pastes of solid polyvinyl compounds. The compounds can 
be diluted with water, and the emulsions can be used for coat- 
ing compounds. 


(20) Alsmark, Kurt O. Oil-in-water type emulsions. 
U. S. patent 2,359,503 (Oct. 3, 1944); C. A. 39: 
$27. . 

An oily material, such as tall oil, tall oil acid, animal or 
vegetable oil, or mixtures of these; after its acid value has 
been adjusted to 70; is heated to 100-110°C. and treated with 
about 60% of the total quantity of aqueous alkali solution 
required to neutralize all the free acidity. (The alkali solution 
is added at the temperature of the oil.) After the addition 
of a suitable quantity of softened water at 80°C. and a small 
quantity of disodium phosphate, the solution is cooled to 
50-55°C. and enough alkali to neutralize the acidity is added. 
The product is a stable emulsion and is used as a cooling 
lubricant for metal-cutting tools. 


Preparation of a 
German 


(21) Alsmark, Kurt O. The preparation of lubricants. 
Swedish patent 107,962 (Feb. 11, 1942). 


Liquid rosin is first warmed to 85°C. in the presence of 
soft water; then treated with an aqueous solution of potassium 
hydroxide, which contains disodium phosphate. The resulting 
emulsion is warmed at 92-95°C. for 15 minutes with stirring. 


(22) Alsmark, Kurt O. Preparation of oil-in-water type 
emulsions. Swedish patent 108,980 (May 39, 
1942). 


The acid number of tall oil is adjusted to about 80 by a 
cracking treatment, and the saponification is carried out in 
two steps. The first step is with potassium hydroxide at 
100°C., water is added and further saponification is carried out 
at 50°C. A small amount of disodium phosphate is added dur- 
ing saponification. 


(23) Alsmark, Kurt O. Preparation of oil-in-water type 
emulsions. Swedish patent 110,291 (April 6, 
1943); addition to 108,980. 

The process described in patent 108,980 is applied to a mix- 
ture of mineral oils or tar oils with fatty acids or vegetable 


or mineral oils. Also, in this process the acid number is ad- 
justed to 70. 


(24) Alsmark, Kurt O. Preparation of oil-in-water type 
emulsions. Swedish patent 111,197 (Oct. 7, 1943); 
addition to 108,980. 

In this process the water added during the saponification 
steps contains a small amount of sodium nitrate and an 
agent for protection against corrosion. 


(25) Basset, H., and Szidon, V. The preparation of emul- 

sions. French patent 630,168 (March 4, 1927). 
A mixture of tall oil and asphalt, tar, and coal tar is treated 

with enough alkali to saponify the tall oil. 

(26) Cosenza, F. Asphalt emulsions. Loc. cit., Asphalt 
Emulsions (1). : 

(27) Ebano Asphalt-Werke A.-G. Aqueous emulsions of 
bituminous materials. Loc cit., Asphalt Emul- 
sions (3). 

(28) Oranienburger Chemische Fabrik A.-G. Preparation 
of cleaning, emulsifying, or other agents. German 


patent 582,790 (Jan. 14, 1927; Aug. 23 ; 
C. A. 28: 923. : pesos 
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An agent; which may be used for cleaning, emulsifying, and 
wetting; can be prepared by treating natural or synthetic fats, 
fatty acids, (tall oil is mentioned) or fat-hke substances with 
ketones, alcohols, or lactones. Sulphuric acid halogenhydrins 
are used as water-removing agents. 


Breaking of Emulsions 


(1) Arguss, Meyer S., and Schindler, Hans. The break- 
ing of crude oil emulsions. U. S. patent 2,365,853 
(Dec. 26, 1944). 


The efficiency of the alkali salts of sulphonated | tall oil, 
used as demulsifying agents, may be improved by using them 
with an alkali salt of oil-soluble sulphonic acids derived from 
petroleum oils by treatment with sulphuric acid. It has been 
found advantageous to also add a small proportion of a surface- 
active material. 


(2) Arguss, Meyer S., and Schindler, Hans. _ Process 
of demulsifying oils. U. S. patent 2,365,852 (Dec. 
26, 1944). 


Typical formulas for demulsifying agents are given. In one 
formula 90% of sulphonated tall oil, 6% of glycerol dichloro- 
hydrin, and 4% of N-butylaniline were used. The demulsifying 
agent was used in a ratio of 3 gallons to 120 barrels of oil. 
Other amines and substitutes for glycerol dichlorohydrin 
were mentioned. 


Explosives 


(1) Nitroglycerin A. B. Explosive constituent. Swedish 
patent 42,470 (March 24, 1916). 


Nitrated liquid rosin is the combustible constituent of the 
explosive. 


Film-Forming Resins 


(1) Bent, Franklin A. The production and uses of tall 
oil ester resins. Loc. cit., Adhesives (9). 


Flameproofing Agent 


(1) Blitz, K., and Simon, W. Addition of fire-retarding 
agents to high oxidation oils. Monatsschrift fur 
Textilindustrie 56: 195-198 (1941). 


A study was made of the effect of addition of 1- and 2- 
naphthol and pyrocatechol on the flammability of tall oil fatty 
acids. Pyrocatechol was found to have the greatest effect, 
and 2-naphthol the least. 


Floor Covering 


(1) Deutsche Lineoleumwerke A.-G. Manufacture of a 
material from pine oil for floorings and wall cover- 
ings. Swidish patent 80,570 (Feb. 8, 1932); 
ere patent 563,547 (Feb. 17, 1931); T. S. 


Tall oil is mixed with a siccative at high temperatures, then 
oxidized by blowing air through it. Fillers and coloring agents 
are added, and the resulting product is rolled or pressed into 
the desired form. 


(2) Bergstrom, Hilding O. V., and Trobeck, K. G. The 
preparation of flooring materials from tall oil pitch. 
Swedish patents 107,074 (June 27, 1938); and 
111,119 (Jan. 2, 1939). 


The tall oil pitch is spread on a supporting material or is 
used to impregnate fibrous materials to produce a material 
suitable for floor coverings. The tall oil pitch may also be 
mixed with the neutral oils from tall oil acids. In another 
method oxidized or cracked pitch is mixed with bark powder, 
cork meal, or wood meal. Fillers and materials to improve 
the elasticity may be added, and the mixture is pressed into 
a boardlike mass. 


Flotation 


(1) Erz-und Kohle-Flotation G.m.b.H. The flotation of 
non-sulfidic ores. German patent 578,819 (Dec. 
13, 1930) ; French patent 721,306 (Aug. 13, 1931); 
C. A. 26: 4022. 
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Resinic acids and oils, which are obtained from the sulphate 
or sulphite pulping of wood, may be used as covering substances 
in the flotation of ores. 


Hasselstrom, Torsten. Use of tall oil in flotation 

i process. U. S. patent 1,986,816 (Jan: 8, 1935); 

T. S. 101: 279; C. A. 29: 1050. 

Tall oil is used for concentrating oxidized ores of the. alka- 
line earth metals. An aqueous pulp of the ore is adjusted 
to a pH of 7.5-9.0 and agitated with tall oil. A frothy mass 
is formed and the mass is collected. 


(3) Hasselstrom, Torsten. Tall-oil flotation reagent. 
U. S. patent 1,986,817 (Jan. 8, 1935); T. S. 101: 
297; C. A. 29: 1050. 

A claim is made of the use of refined tall oil as a flotation 

reagent. 

(4) Hodges, Paul. The use of floating soap and its 
derivatives. Loc. cit., Emulsifying Agents (8). 

(5) Jayne, Divid W., Jr. Ammoniated tall oil product 
as a flotation agent. Loc. cit., Ammonium Salt (1). 


(6) Pollak, Arthur. Utilization of tall oil. Loc. cit., 
Emulsifying Agent (14). 
(7) Vogel-Joergensen, Mikael. Flotation process. Brit- 
ish patent 478,275 (Jan. 17, 1936); C. A. 32: 4389. 
Either wholly or partly saponified tall oil is added to the 
pulp in the flotation of materials that contain calcium car- 
bonate. The carbonate is removed with the froth. 


(8) Wallach, James A. Uses of the fatty acids from 
pine wood. Soap 13, no. 3: 31-33, 73 (1937); 
C. A. 31: 3313; T. S. 106: 32. 
The composition of crude and distilled tall oil and some 
uses of distilled tall oil are given. Among the uses mentioned 
was the mineral flotation field. 


(9) Christmann, Ludwig J., and Erickson, Stephen E. 
Use of tall oil in the flotation of nonmetallic min- 
erals. U. S. patent 2,300,827 (Nov. 3, 1942); 
C. A. 37: 2148. 


In the flotation of nonmetallic minerals, a tall oil phosphate 
ore promoter is used. It is diluted with about 10-25% of an 
aliphatic water-soluble ketone to give increased promoting 
power. 


(10) Geiske, Elmer W._ Flotation of tungsten ore. 
U. S. patent 2,373,305 (April 10, 1945). 


The presence of a reagent combination of an ionic promoter 
from the group consisting of the higher aliphatic fatty acids, 
tall oil, and the ammonium, potassium, or sodium salts of 
fatty acids and tall oil; an alkali salt of a dialkyl sulphosuc- 
cinate; and a gangue depressant improves the concentration 
of carbonate-containing tungstate minerals and silicon-bearing 
gangue during the flotation step. 


(11) Hoag, Edward H. Flotation reagent. U. S. patent 
2,371,292 (March 13, 1945). 


Tall oil; lauric acid ester diethylene glycol ammonium sul- 
phate; and an alcohol of the group consisting of hexanols, 
heptanols, octanols, nonanols, decanols, and dodecanols con- 
stitute a flotation reagent for the concentration of barite ores. 


(12) Mortsell, S. Flotation reagents in Sweden. Tek. 
Tid., Bergsvy. 72: 14-16 (1942). 
In the articles the use of a mixture of tall oil and pine oil 
as a flotation reagent is mentioned. 


(13) Ried, Robert C. Flotation agent. U. S. patent 
2,202,601 (May 28, 1940); C. A. 34: 6561. 

The patent relates to oil-in-water emulsions of mixtures of 
fatty acids and mineral oil and to their use as collecting agents 
for calcite and other oxide ore minerals. Tall oil, oleic acid, 
and fish acid are included in the fatty acids; the mineral oils 
range from kerosene to bunker C oil. An alkali or ammonium 
hydroxide is used as the emulsifying agent. Details are given 
of the amounts of ingredients used. 


(14) Smith, Hugh F., and Vilbrandt, Frane C. Use of 
paper mill wastes in the flotation of manganese ores. 
Virginia J. Science 2: 204 (1941); C. A. 36: 1878; 
B.1.P.C. 12: 371. 

Tall oil is a collector of manganese dioxide in the flotation 
of low-grade manganese ores. When added to tall oil, other 
reagents act as frothers, gangue dispersors, or depressors. 


(15) Brown, Earl H., and Tartaron, Francis X. Concen- 
tration of oxidized iron ore. Canadian patent 


428,699-428,701 (July 10, 1945). 
The aqueous pulp of finely divided iron ores, which has a 
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quartz gangue ingredient, is treated with an anionic collecting 
agent. The collecting agent is selected from a class consisting 
of higher fatty and resin acids and their soaps or mixtures of 
these acids, such as tall oil. 


(16) Christmann, Ludwig J., Jayne, David W.., Jr., and 
Erickson, Stephen E. Flotation of acidic minerals. 
U. S. patent 2,312,387 (March 2, 1943). 


Promotors for acid minerals in froth flotation, film flotation, 
agglomeration, tabling, and stratification may be produced by 
the reaction of polyalkylene polyamines with tall oil. The tem- 
perature of reaction is 230-240°C. and the quantities used 
vary as the resin acid content of the tall oil. 


(17) Clemmer, Julius B., and Clemmons, Ballard H. 
Flotation of iron ores. U. S. patent 2,383,467 
(Aug. 28, 1945); C. A. 39: 5242. 
Tall oil can be used as a collector in the removal of silicia 
from iron ore. The method of flotation and an analysis of the 
ore are given. 


(18) Clemmer, Julius B., and Clemmons, Ballard H. 
Flotation of fluorspar. U. S. patent 2,407,651 
(Sept. 17, 1946); C. A. 41: 576. 


Sodium fluoride, a lignosulphonate, and a collecting agent 
are used to treat a fluorspar pulp. Fatty acid or soap is used 
as the collecting agent; following this treatment, the mixture 
is subjected to froth flotation. 


(19) Clemmer, Julius B., and Rampacek, Carl. Concen- 

tration of iron ore. U. S. patent 2,403,481 (July 

9, 1946); C. A. 40: 5004. : 

Tall oil is used as a collector and lime is added to activate 

the silicates in the flotation of siliceous and ecalcerous gangue 
from iron ore by the use of lignosulphonates. 


(20) Clemmer, Julius B., and Rampacek, Carl. Flotation 
of nonmetallic minerals. U. S. patent 2,424,552 
(July 29, 1947); B.I.P.C. 18: 75; C. A. 41: 6182. 


Tall oil may be used as a collecting agent in the bene- 
ficiation of ores of nonmetallic minerals, which have been 
blunged in the presence of hydrated lime to obtain a pH of 
Hak 


(21) Clemmer, Julius B., and Williams, Milton F., Jr. 
Flotation of silica from iron ore. U. S. patent 
2,419,945 (May 6, 1947); B.I.P.C. 17: 606; C. A. 
41: 4764. . 


Tall oil or its soaps can be used as the anionic collecting 
agents in the beneficiation of iron ores by froth flotation of 
the siliceous gangue constituents from the iron oxides. 


(22) Crawford, Bruce D., and Jayne, David W., Jr. 
The flotation of phosphate ore. U. S. patent.2,416, 
909 (March 4, 1947); C. A. 41: 3035. 
Tall oil and coconut oil are the preferred soap and diluent in 
the froth flotation of phosphate ores. 


(23) Greene, Ernest W., and Head, Charles W. Concen- 
tration of phosphate ores. U. S. patent 2,303,931 
(Dee. 1, 1942). 

A mahogany soap, a mixture of fatty and resin acids, such 
as tall oil, and a fuel oil are used to condition the ore in an 
aqueous pulp in the concentration of phosphate from an ore 
containing phosphate and silicia particles. By the addition of 
about 0.5 pound of tall oil per ton of ore, 133-717% more 
phosphate is recovered in the floated concentrates. 


(24) Herkenhoff, Earl C. Use of sulphonated agents 
in the magnetic recovery of iron ores. U. S. patent 
2,423,314 (July 1, 1947); B.IP.C. 17: 744; 
C. A. 41: 5844, 

Sulphonated tall oil can be used as an agglomerating agent 
for treatment of the aqueous pulp in the concentration of 
oxidized iron ores from mixtures, which contain acidic ganque 
and both magnetic and nonmagnetic iron oxides, 


(25) Herkenhoff, Earl C. Froth flotation of silicia from 
iron ore by the use of anionic collectors. U. S. 
patent 2,423,022 (June 24, 1947); B.I.P.C. 17: 
745; C. A. 41: 5844. 


_ Various examples are given. In one, the material is sub- 
jected to a preheating operation by treating it, at 23% solids 
for 1 minute with 0.35 pound of saponified tall oil per ton 
of ore, then to a ten-minute conditioning period with 2 pounds 
of hydrated lime per ton of ore. Pine oil in an amount of 


0.08 pound per ton of ore is then added as a frother and 
the ore floated for six minutes. 


(26) Hoag, Edward H. A flotation process. U.S. 
2,378,552 (June 19, 1945); C. A. 39: 3889, aah 
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A stable flotation reagent; which has strong collecting 
properties for baryta ores and depressing properties | for 
siliceous materials, limestones, and oxides of aluminum, iron, 
manganese, and titanium; ean be produced from low-cost 
chemicals. The reagent is composed of 75% tall oil, 20% 
of the ammonium sulphate derivative of diethylene glycol 
laurate, and 5% octyl alcohol. 


Flypaper 


chmid, W. Liquid rosin and its uses. Papier- 

sd ne 29, no. 1 ied (Jan. 4, 1931); Farben-Chem. 

2: 306-310 (1931); Paper-Maker 81, no. 3, suppl.: 

evi (March, 1931); T. S. 97: 279; C. A. 25: 3165, 
5582; B.I.P.C. 1, no. 6: 12. 

The average yield of liquid rosin from sulphate pulping of 
wood is 30 kg. per ton of pulp. The rosin may be hydro- 
genated or distilled and used in the manufacture of sticky 
flypaper, putty, waterproofing preparations, etc. 


Foam-Forming Agent 


(1) Bergstroem, Hilding O. V., and Cederquist, K. N. 
Preparation of foam for fire fighting purposes. 
Swedish patent 85,050 (Jan. 22, 1931). 


Use may be made of sulphate soap, after purification or 
in its original form, as a foam-forming material. Emulsify- 
ing properties are improved by the addition of aqueous solu- 
tions of metal salts and/or higher alcohols; the addition of 
phytosterol is also beneficial. 


Fruit-Tree Spray 


(1) The use of tall oil. Loc. cit., Emulsifying Agent 
CEOs 

(2) Burgdorf, K. Use of adhesive, dispersing, and wet- 
ting materials for plant protection. Reichsamt 
Wertschaftsausbau Chem. Ber. PB 52021, 1145- 
1153 (1942); C. A. 42: 5603. 


This article is a review of used and improved materials. 
A list of carriers for insecti¢idal and fungicidal dusts are 
given. The use of tall oil as an adhesive for spray mixtures is 
mentioned. 


Use of Tall Oil in Germany 


(1) Rooney, John F. Use of tall oil in Germany. FIAT 
final report No. 1144, June 5, 1947. 22p. 


The report covers the use of tall oil as a substitute for 
rosin and linseed oil in linoleum and surface coating in- 
dustries and lists products manufactured by Spangenberg 
Werke Hamburg-Eidelstandt, Germany. Methods are given 
for preparing a substitute for linseed oil stand oil, to be used 
in the paint industry; tall oil Beckosol, a cheap resin used 
for wire coating and for gasoline tanks; and lumitol, to be 
used as a linseed oil substitute in enamels and varnishes. 
Also given are various formulas for linoleum cements, and 
a gravimetric and volumetric method of analysis of tall oil 
for fatty acids, rosin acids, and unsaponifiable matter. 


Hydrogenation 


(1) Segessemann, Ernest. The treatment of tall oil. 


U. S. patent 2,276,517 (March 17, 1942). 


One step in a process of treating saponified tall oil, in which 
the unsaturated fatty portion has been saturated by hydro- 
genation consists of chilling a solution of the saponified-hydro- 
genated tall oil in an organic solvent to precipitate the fatty 
acid soaps. 


@) Bergstroem, Hilding O. V. Preparation of solid fat- 
like products. Swedish patent 57,226 (Sept. 3, 
1924); C. A. 18: 3730. 


The fraction or fractions containing substances, resulting 
from the purification of liquid resin by distillation, are treated 
with hydrogen in the presence of a catalyst at increased tem- 
peratures and a suitable pressure. 


(3) Bergstroem, Hilding O. V., and Cederquist, K. N. 
Hydrogenation of sulphate waste liquor. Iva 1932, 
no. 2: 40-44; C. A. 26: 3663; T. S. 95: 233. 


Bad odors, resulting from the sulphur content, render sulphate 
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pulping liquors unsuitable raw materials for by- products. Oils 
and ether-soluble tars, free from “sulphate odor,” have been 
produced by dry distillation of the liquor with carbon monoxide 
and hydrogen under pressure and in the presence of suitable 
catalysts. 


(4) Dittmer, M. Tall oil, by-product of the sulphate 
pulp ea Z. Angew. Chem. 39: 262-269 
(1926); C. A. 20: 2072; B.C.A. 1926B: 414. 


An analysis of tall el and methods of separating the petro- 
leum-ether-insoluble material and of obtaining hydrocarbon- 
free phytosterol are given. Stearic acid may be produced by 
catalytic hydrogenation of the fatty acids and saponification. 
Previous investigations on tall oil are reviewed in this article. 


(5) I. G. Farbenindustrie A.-G. The transformation of 
resins into hydrocarbons. German patent 624,843 
(April 23, 1926); Chem. Zentr. 1936, II: 2024. 


Tall oil or resins are heated under pressure with a reducing 
gas containing bound hydrogen at a temperature above their 
decomposition point. 


(6) Jahrstorfer, Michael, and Schwarte, Georg. Process 
for preparing a waxlike substance. U. S. patent 


2,134,333 (Oct. 25, 1938) ; ; C. A. 33: 1068. 


Six hundred grams of tall oil, which have been hardened 
with hydrogen in the presence of a catalyst of nickel and 
kieselguhr are heated at 260°C. for four hours with 50 parts 
of iron powder obtained from the decomposition of iron 
carbonyl. The hardened tall oil had an acid value of 172, 
a saponification value of 176, and a melting point of 58°C.; 
after heating the mixture had an acid value of Hoy, 12 saponi- 
fication value of 46, and a melting point of 76°C. A colorless 
waxlike product is obtained by mixing with 50 parts of a 
nickel-kieselguhr catalyst containing 20% nickel and treating 
with hydrogen under a pressure of 80 atmospheres for five hours 
at 270°C. The product, which consists mainly of hydrocarbons 
has an acid value of 0, a saponification value of 1.4, and a melt- 
ing point of 67°C. It may be used for the preparation of 
polishing compounds and shoe creams and for dressing and 
impregnating textile materials. 


(7) Melamid, M. Preparation of fatty acids. British 
patent 169,962 (Aug. 30, 1921); 170,562 (Sept. 
1, 1921); German patent 361,734 (Oct. 3, 1920); 
371,525 (Oct. 21, 1920); French patent 539,971 
(July 4, 1922); C. A. 16: 848, 1160. 


Tall oil or liquid rosin, produced during the manufacture 
of sulphate pulp, is hydrogenated under pressure with a 
nickel catalyst to produce substances of the nature of fatty 
acids. The products are used in the manufacture of soaps. 
If the tall oil is purified before hydrogenation, light yellow 
products are obtained and are useful for oiling textile fibers. 


(8) Riebecksche, Motan-Werke A.-G. A. The prepa- 
ration of fatty acid-like compounds. German 
patent 429,272 (Oct. 22, 1921); Chem. Zentr. 
1926, II: 1351. 


A liquid product, useful as a substitute for olein in the 
textile industry, is prepared by treating tall oil with hydro- 
gen until it is odorless. 


(9) Societe Meusienne de produits chimiques. Purifica- 
tion of oils obtained in the manufacture of pulp. 
French patent 656,728 (June 29, 1928); T. S. 91: 
45; 92: 177; C. A. 23: 4343. 


Their bad odor and relatively high content of unsaponifiable 
matter make oils, obtained as by-products in the manufacture 
of pulp, unsuitable for use in soap making. However, the 
oils may be used after washing with cold acid, drying, and 
hydrogenating in the presence of a catalyst. 


(10) Tetralin G.m.b.H. The preparation of a fat- or 
soap-like product. German patent 408,512 (Sept. 
14, 1922); Chem. Zentr. 1925, I: 1468. 


Liquid rosin is transformed into an ester or a salt then 
hydrogenated in the presence of a catalyst in order to in- 
crease its acid characteristics. 


(11) Colgate-Palmolive-Peet Co. The hydrogenation of 
unsaturated fatty acid salts. British patent 550,356 
(Jan. 5, 1943); C. A. 38: 1657. 


Crude tall oil soaps may be hydrogenated to give light 
colored material suitable for use in the soap industry. An 
aqueous solution of the soaps is treated with hydrogen at a 
pressure greater than 50 pounds per square inch and at a 
temperature of 40-200°C. A nickel hydrogenation catalyst is 
used. 
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(12) Oliver, Anthony F., and Palmer, Robert C.  Isola- 
tion of fatty acids from tall oil. U. S. patent 
2,280,842 (April 28, 1942); C. A. 36: 5665; 
B.C.P.A. 1943B, II: 289. 

Hard fatty acids and abietic acid may be isolated from tall 
oil by hydrogenation then fractional crystallization. Treat- 
ment, prior to hydrogenation; with absorbent clay, activated 
charcoal, or fuller’s earth, a heat treatment at a temperature 
above 250°C. but below the decomposition temperature, and 
a treatment with a heavy metal compound; remove oxidized 
bodies and sulphur compounds, which interfere witth hydro- 
genation methods. A mixture of suboxides of copper and 
nickel is used as the catalyst during hydrogenation, which 
is carried out in the liquid phase using pressure as high as 
300 ponnds per square inch.and minimum temperature of 
150-160°C, 


(13) Papps, George, and Othmer, Donald F. The separa- 
tion of stearic and abietic acids of tall oil by selec- 
tive absorption after hydrogenation. Ind. Eng. 
Chem. 36, no. 5: 430-434 (May, 1944); C. A. 38: 
3181; B.I.P.C. 14: 335; B.C.P.A. 1944B, II: 319. 


Although fractional distillation has been used more for 
separating the fatty and resin acids of tall oil than any of 
the proposed methods; it is expensive, yields are poor, and 
separation is inefficient. In this work, tall oil was hydrogenated 
to reduce the components to two, and the components were 
separated by passing a solution through a column containing 
activated carbon. Individual absorption isotherms were deter- 
mined and are discussed. Included is a proposed flow sheet for 
the hydrogenation of tall oil and the separation of the abietic 
and stearic acids. 


(14) Segessemann, Ernest. Treatment of tall oil. U.S. 
patent 2,305,498 (Dec. 15, 1942) ; sauediae Paley 
424.381 and 424.382 (Dee. 12, 1944); C. A. 37: 
3292; B.C.P.A. 1944B, II: 174. 


The patents are concerned with a process of treating hydro- 
genated tall oil or its esters in order to separate the fatty acids. 
For example: A product, containing chiefly oleic and resin 
acids, was obtained by hydrogenating distilled tall oil under 
a pressure of 10 atmospheres at a temperature of 120°C. for 
0.5 hour with 2% nickel. One hundred grams of the product 
were then dissolved in 800 ml. of acetone and cooled to 
—60°C. for two hours, giving a yield of 63 grams of oleic acid. 
Other examples are cited. 


(15) Turck, Joseph A. V. Jr. The preparation of organic 
materials. U.S. patent 2,309,483 (Jan. 26, 1943) ; 
C. A. 37: 3964; B.C.P.A. 1944B, II: 257. 


The invention covers the hydrogenation of unsaponifiable 
materials, separated from tall oil, to form stable, light colored 
substances having a pleasant odor. By distilling ‘the hydro- 
genated material a light aromatic fraction is obtained which 
may be used as a perfume with bath salts, plastics, rubber, 
sulphonate derivatives or as a deodorant. Hydrogenation 
pressures and temperatures are given, and many uses are listed. 


(16) Dressler, Russell G., and Vivian, Robert E. The 
treatment of and products obtained from tall oil. 
U. S. patent 2,336,472 (Dee. 14, 1943); C. A. 
38: 3152. 


Materials, which act as poisons for hydrogenation catalysts, 
may be either removed or rendered inert by a pretreatment 
with natural or activated absorbent clays and earths. Tall 
oil is not significantly bleached by these materials, and the 
hydrogenated products have a lighter color, increased stability, 
are free from stickiness, practically odorless, and physically 
homogenous. Quick mixing of tall oil, catalyst, and hydrogen 
gives best results in hydrogenating tall oils. Hot tall oil or 
its hydrogenation product should be kept in an inert atmos- 
phere of carbon dioxide, hydrogen, or nitrogen. The products 
may be used for the manufacture of greases, lubricants, rubber, 
soaps; and to replace commercial oleic ‘and stearic acids, 

vegetable and animal oils and fats in soaps and textile 
dressings. 


(17) Dressler, Russell G., and Vivian, Robert E. The 
hydrogenation of tall oil. U. S. patent 2,369,466 
(Feb. 13, 1945). 

Prior to hydrogenation crude oil is mixed with finely divided 
solid absorbent material at 105-120°C. The tall oil, after 
removal of the absorbent material, is then heated to a tem- 
perature of 150-180°C. in the presence of hydrogen and a 
catalyst at a pressure of 200-600 pounds per square inch. After 
the rate of hydrogenation has become low, spent catalyst is 
removed and fresh catalyst is added. Hydrogenation is con- 
tinued until the product has an iodine number less than 145, 
a thiocyanogen number less than 65, and a melting point 
ereater than 25°C. 
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(18) Dressler, Russell G., and Vivian, Robert E., and 
Hasselstrom, Torsten. The treatment of tall oil. 
U. S. patent 2,358,004 (Sept. 12, 1944); C. A. 
39: 634. 

A product, obtained by the pretreatment of tall oil in the 
presence of a catalyst capable of stabilizing the resin con- 
stituents, is subjected to esterification, and separation in the 
presence of selected solvents. The product, containing esters 
of tall oil fatty acids, is hydrogenated to obtain a_ stable 
product of greater benefited color and odor. Examples are 
given. A yield of 600 grams of methyl esters of fatty acids, 
750-825 grams of resin acids, and 150 grams of unsaponifiable 
matter was obtained from 1500 grams of tall oil. Hydro- 
genated fatty acid esters may be hydrolyzed to the free acids 
or can be used as a substitute of methyl or ethyl oleate. 


(19) Dressler, Russell G., Vivian, Robert E., and Hassel- 
strom, Torsten. Stable compounds from tall oil. 
U. S. patent 2,371,230 (March 13, 1945). 

Tall oil, in the presence of a disproportionation catalyst, 
is heated to 100-240°C. until at least 1% of the resin acids 
of the formula CH»sO2 is produced. After removal of the 
catalyst, the treated tall oil is hydrogenated under heat and 
pressure. A stable compound is obtained and contains resin 
and fatty acids in practically the same proportions occurring 
in the original material. 


(20) Harwood, James, and Binkerd, Evan F. Treatment 
of tall oil. U.S. patent 2,423,236 (July 1, 1947); 
B.I.P.C. 17: 676; C. A. 41: 6047. 

The fatty acids of tall oil are easily hydrogenated after a 
pretreatment with an alkaline reagent, such as sodium potas- 
sium, calcium hydroxide, sodium or potassium carbonate. 
From 1-2% of the alkali can be added before or after distil- 
lation of the acids. Examples are given. 


Impregnating Agent 


(1) Engstroem, J. G. A. An impregnating mass. 
Swedish patent 47,161 (May 29, 1918). 
The impregnating mass is composed of 53 parts of rapeseed 
oil, 25 parts of liquid rosin, and 22 parts of sulphur. 


(2) The use of waste products. Loc cit., Emulsifying 
Agent (18). 

(3) Dorken A.-G., Ewald. Preparation of impregnating 
agents from tall oil. German patent 722,247 (July 
31, 1937). 


Impregnating agents are prepared by blowing crude tall oil 
for 35-40 hours at 80-200°C., heating 8-10 hours at 250- 
300°C., then esterifying. The oil is esterified, after the addition 
of polybasic alcohols or their anhydrides, in the usual manner 
with polyvalent alcohols; or phenols or saturated with lime 
and siccatives and treated with organic solvents. 


(4) Peterson, M., and Son Aktieselskab. Adhesive and 
impregnating agents for paper and board. Loe. cit., 
Adhesives (8). 

(5) Bergstrom, Hilding, O. V., Heijmer, Gustaf B., and 
Trobeck, Karl G. An oil-hardened fiberboard. Loc. 
cit., Board (3). 


Insecticide 


(1) Sutter, Josef. The eradication of plant parasites. 
eee patent 157,823 (Jan. 25, 1940); C. A. 
:2078. 


A solution of tall oil to which may be added _ nicotine, 
tobacco extract, and’ petroleum, lime or a similar stabilizer 
is used to combat insect and other plant parasites. 


Insulating Material 


(1) MHuebschner, Julius. Swedish liquid rosin. Seifen- 
sieder-Ztg. 48: 231-232 (1912); C. A. 15: 2177. 
Descriptions of tall oil, tall oil distillate, and tall oil pitch 
are given. Tall oil pitch; a glassy, brittle mass with a melt- 
ing point of 85°C., an acid number of 50.3, and a saponification 
number of 75.5; is used for insulation and cheap grades of 
black varnish. 


(2) Lagerqvist, J., and Sandstrom, G. Insulating oil. 
Svensk Kem. Tid. 55: 238-244 (1943); Svensk 
Papperstidn 47, no. 3: 59-62 (Feb. 15, 1944); 
B.I.P.C. 15: 76; C. A. 38: 6426. 
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Resins, obtained by the distillation of tall oil, may be con- 
verted into products fairly soluble in mineral oils with a 
viscosity between the values of a semiliquid oil and those 
of easily fusible transformer oils by suitable heat treatment. 
The diclectric properties of the products given in tables and 
eraphs indicate that the insulating oils thus produced are 
superior to those prepared from a rosin base and imported 
from America. 


Binders for Iron Ore Slimes 


(1) Klinefelter, T. A. Binders for use in pelletizing 
slimes. U.S. Bur. Mines, Rept. Investigations 3846. 
1946. 13p. C. A. 40: 7111. 
It was found from a study of commercial binders for iron 
ore slimes and table concentrates that slaking can be pre- 
vented by the use of tall oil. 


Leather Oils 


(1) Keghel, M. de. The composition of tall oil and its 
utilization. Loc. cit., Axle Grease (1). 


Lime Treatment 


(1) Bernardi, Dominic J., and Florence, Robert T. 
Printing ink. U. S. patent 2,416,676 (March 4, 
1947); B.I.P.C. 17: 463; C. A. 41: 3639. 


Satisfactory vehicles for inks may be produced by reacting 
tall oil with lime and preferably mixed with a small percentage 
of linseed or other drying oil. Tall oil is heated to 180-200°C. 
and treated with 5% of hydrated lime as the temperature is 
increased to 220°C. The oil is held at this temperature for 
5-6 hours. The effect of resin content upon the viscosity is 
shown, and formulations are given. 


Lubricating Oil 


(1) Heijne, O. H. Lubricating oil from wood tar. 
Swedish patent 47,004 (Oct. 12, 1917). 


Liquid rosin is used as one of the components of lubricating 
oul. 


(2) Keghel, M. de. The composition of tall oil and its 
utilization. Loc. cit., Axle Grease (1). 
(3) Kleine, C. W. A. Lubricating and boring oils. Loc. 
cit., Cutting Oils (2). 
(4) Lieber, Eugene. Lubricants. U.S. patent 2,262,809 
(Nov. 18, 1941); C. A. 36: 1772. 
A waxy lubricating oil and a condensation product of 
halogenated tall oil and a cyclic compound are used to prepare 
a lubricant. 


(5) Lieber, Eugene. Method for the preparation of a 

lubricant. U.S. patent 2,270,319 (Jan. 20, 1942). 

The lubricant is essentially composed of a waxy lubricating 
oil and not more than 5% tall oil. 


(6) Tharens, F. I. A substitute for machine oil. Swe- 
dish patent 44,515 (Dec. 1, 1917). 
One of the components of a material to be used as a sub- 
stitute for machine oil is liquid rosin. 
(7) Harris, Elmer, F. A cold rolling solution. U. S. 
patent 2,258,552 (Oct. 7, 1941). 


A lubricant, to be used for a material being subjected to 
rolling, is composed of an emulsion of tall oil, palm oil, 
triethanolamine, and water. 


(8) Abramowitz, William L., and Beach, Ralph, M. 
Cutting oils from sulphurization of oils and fats. 
Loc. cit., Cutting Oils (6). 

(9) Alsmark, Kurt O. Oil-in-water type emulsions. 
Loe. cit., Emulsifying Agent (20). 

(10) Alsmark, Kurt, O. The preparation of lubricants. 
Loe. cit., Emulsifying Agent (21). 

(11) Farber, Edward. The utilization of wood acids. 
U. S. patent 2,367,462 (Jan. 16, 1945). 

Tall oil is mixed with a neutralizing agent, from the group 
consisting of the imorganic oxides and hydroxides, at a tem- 
perature above 100°. The quantity of neutralizing agent 
should be not more than 33% nor less than 5% of the quan- 
tity needed to neutralize the free acidity of the oil. The mass 
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is heated to about 300°, and evaporated at atmospheric pres- 
sure until the residue is neutral. Use is made of the product 
as a lubricant or to rustproof metals. 


(12) Roveri, Luigi. Preparation of a synthetic oil. 
Italian patent 392,628 (Oct. 8, 1941); Chem. Zentr. 
1944, I: 844. 


A transparent oil, which may be used as a lubricant, is pre- 
pared by heating to boiling for 20-30 minutes a mixture of 
5-12% of rosin, 4-14% of tall oil, 4-10% of potassium car- 
bonate, and water to make 100%. The product is mixed with 
2-79 of xylene and 3-7% of alcohol after cooling. 


(13) Davis, Gifford D., and Barth, Edwin J. Sulphurized 
glyceryl esters of tall oil. U. S. patent 2,385,912 
(Oct. 2, 1945); C. A. 40: 720. 


Tall oil, which has been esterified with glycerol, is sul- 
phurized with»sulphuryl halides or oxyhalides, active or ele- 
mental sulphur. After sulphurization, the mass is blown with 
air to remove the disagreeable smelling volatile products. 
The esters have desirable lubricating properties such as 
oiliness, tenacity, wetting power, and pressure and anticorrosive 
properties. They also impart lubricating properties of paraf- 
finic and naphthenic lubricating oils, when dissolved in them. 


(14) Jolly, Samuel E. Lubricants from tall oil. U. S. 
patent 2,380,531 (July 31, 1945); C. A. 40: 720. 


Tall oil is converted into nitriles by feeding it into the top 
of a contact column, packed with a dehydration catalyst, 
through which ammonia is passed countercurrent to the flow 
of the oil. The oil is reacted with the ammonia to form am- 
monium salts, and the salts are converted into the amides then 
to the nitriles. The nitriles are then sulphurized at 190-200° 
to 20-25% sulphur. Mineral oils, which contain sulphurized 
nitriles, are nonemulsifiable; they may be used as mild ex- 
treme-pressure lubricants, and emulsified cutting oils, and 
greases. They are noncorrosive to brass, bronze, copper, and 
aluminum. 


(15) Enkvist, Terje, Makela, Keijo, and Krohn, Tovio. 
A lubricating oil from pine tar and tall oil. Finnish 
Paper Timber J. 29, 336-338, 353-356 (1947); 
C. A. 42: 3943. 


Studies were made on the preparation of lubricating oil 
from pine tar. The proposed method of preparation is outlined, 
and methods of extraction or separation of the different com- 
ponents or fractions are discussed. A crystalline fraction, ob- 
tained by the crystallization of the petroleum ether-soluble 
resin acids from 92% methyl alcohol, was similar to the frac- 
tions obtained from rosin and tall oil. The unsaponifiable 
matter, which is pre-existing in the original tar, is useful as 
a lubricating grease. 


(16) McCleary, Rush F.  Lubricating-oil additives for 
heavy-duty oils. U. S. patent 2,440,375 (April 27, 
1948); C. A. 42: 7031. 


Oil-soluble or oil-miscible metal derivatives of alkyl-sub- 
stituted aryloxy or arylmercapto tertiary amines have proved 
to be successful as antioxidant, detergent, and anticorrosive 
agents for use in heavy lubricating oils. The method of prepa- 
ration of such a compound is described. The patent also 
includes auxiliary antioxidants to be used in heavy-duty 
Diesel and gasoline engines. The use of sulphurized tall oil, 
as a sulphurized anticorrosion compound to be used for this 
purpose, is mentioned. 


(17) Davis, Gifford D., and Barth, Edwin J. A _ non- 
corrosive lubricating composition. U. S. patent 


2,431,737 (Dec. 2, 1947); C. A. 42: 1731. 


High pressure and metal-working lubricants are prepared 
from sulphurized glyceryl esters of tall oil and mineral oil. 
Sulphurized glyceryl esters of tall oil are prepared by heating 
5-17 parts of sulphur with 95-83 parts of glyceryl esters of 
tall oil at temperatures of 320-350°F. for 2-4 hours. The mix- 
ture is then cooled to 200°F. and blown with air for one hour 
to remove malodorous and unstable produces. The blended 
lubricant, consisting of 20 parts of sulphurized glyceryl esters 
of tall oil and 80 parts of mineral oil, is used for cutting, mill- 
ing, and sawing; it is noncorrosive to metallic surfaces at 
ordinary temperatures. 


Maleic Acid Adduct, Esterification 


See Bulletin No. 7, Bibliography on Paints, Varnishes, 
Lacquers, etc. 
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Metal Cleanser 


(1) Hodges, Paul. A metal cleaning composition. U. S. 
patent 1,993,097 (March 5, 1935); C. A. 29: 2632; 
T. S. 101: 297. 

Floating soap is an effective agent for the removal of acid, 
corrosion, grease, paint, rust, and scale from metal surfaces. 
The soap alone has remarkable penetrating powers, but is 
more effective in emulsions with amylene dichlorides, ethylene 
dichloride, trichloroethylene, diacetone, dioxane, acetone, ethyl 
lactate, or gasoline. Examples are given. 


(2) Keghel, M. de. The composition of tall oil and its 
utilization. Loc. cit.. Axl Grease (1). 


Metallic Salts 


(1) Burrell, Harry. Process of making tall oil metal 
compounds. U. S. patent 2,306,352 (Dec. 22, 
1942); C. A. 37: 3286; B.C.P.A. 1944B, II: 209. 


Tall oil, when reacted at elevated temperatures with metallic 
compounds, may be converted into plastic masses capable of 
hardening by heating. The use of compounds of heavy metals 
or alkaline earth metals is preferred. Any metal, except those 
of group one of the periodic table, may be used; and car- 
bonates, chlorides, hydroxides, or oxides of the metals may be 
used. Examples are given of a number of combinations. 


(2) Elliott, Stanley B. Preparation of metallic soaps. 
Soap & Sanitary Chem. 18, no. 7: 26-27, 73-74 
(July, 1942); Enamelist 19, no. 9: 30-36 (1942). 


Tall oil and a number of saturated and unsaturated fats and 
fatty acids were used to prepare metallic soaps. For the 
saponification, metallic salts that are easily soluble in water 
should be used. Because of the information of soluble alkali 
soaps, the presence of alkali impurities should be avoided. 


(3) Frick, O. F. V. Sulphate soap which is insoluble in 
water and stable in air. Norwegian patent 67,360 


(Sept. 2, 1941). 


Tall oil acids, sulphate soap, or tall oil pitch is treated with 
metals, whose hydrates are amphoteric in nature, to prepare 
a soap insoluble in water and stable in air. Aluminum, iron, 
or zinc may be employed in the form of oxides, hydroxides, 
or their easily soluble salts. 


(4) Hastings, R. Use of tall oil for the textile industry. 
Am. Dyestuff Reptr. 33, no. 2: 25-26, 50 (Jan. 17, 
1944); B.I.P.C. 14: 228. 


A number of applications of tall oil to the textile industry 
are listed, and a brief review of its composition is given. The 
metal soaps of tall oil find use in the mildewproofing and water- 
proofing of textile fabrics. 


(5) Hastings, R. Use of tall oil in the paint industry. 
Am. paint J. 28, no. 3. 42, 46, 48, 50 (1943); C. A. 
38: 267; B. C. P. A. 1944B, II: 77. 


Applications of tall oil in the paint industry are given, and 
its physical and chemical properties are tabulated. The metallic 
soaps of tall oil are employed as paint driers and wetting agents. 


(6) Long, Kenneth E. Basic lead naphthenate. U. S. 
patent 2,157,766 (May 9, 1939). Preparation of 
basic metal salts. U. S. patent 2,157,767 (May 9, 
1939); C. A. 33: 6625 and 33: 6626. 


e 

Products, that do not turn yellow, and dry quickly because 
of high metal content, are prepared by heating fatty acids 
from tall oil and rosin acids in a high boiling solvent with a 
metallic oxide or hydroxide of cobalt, lead, manganese, or 
zinc. Mineral oil, naphtha, or kerosene are the solvents em- 
ployed. 


(7) Stresen-Reuter, Frederick A., and Rimpila, Charles. 
Preparation of a water-in-soluble metal soap. U. S. 


patent 2,175,489 (Oct. 10, 1939); C. A. 34: 899. 


A water-insolube soap of a product derived from pinewood 
composed of a major portion of unsaturated acids, a minor 
proportion of rosin acids, and a small proportion of unsaponi- 
fiable matter is described. 


(8) Stresen-Reuter, Frederick A., and Rimpila, Charles. 
Preparation of an alkaline earth metal soap. U. S. 
patent 2,175,490 (Oct. 10, 1939); C. A. 34: 899. 

A water-insoluble soap comprising the reaction product 
of an alkali metal compound and a mixture of unsaturated 
fatty acids, rosin acids, and a small amount of a sterol is 
described. 
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(9) Stresen-Reuter, Federick A., and Rimpila, Charles. 
Preparation of a water-in soluble soap. U. S. patent 
2,175,491 (Oct. 10, 1939); C. A. 34: 899. 

A water-insoluble soap comprises the reaction product, of 
a metal compound and a mixture of unsaturated fatty acids, 
rosin acids, and a small amount of a sterol and the reaction 
product of a metal compound. 


Molded Products 


1) Winson, Th. M. Artificial products. German patent 
538,799 (May 30, 1929); Chem. Zentr. 1932, I: 
2792. 
A molding compound may be made by mixing with the 
rosin precipitated from black liquor a sizing material a phenol 
resin, and fibers. 


(2) Bergstrom, Hilding O. V., and Trobeck, K. G. 
Pressed masses from vegetable materials and salts of 
fatty and rosin acids. Swish patent 104,606 (Aug. 
1, 1938). 

An acid-reacting salt, such as alum or sodium acid sulphate 
is used to impregnate a vegetable material. The impregnated 
material is then treated with fatty or resin acids or their 
salts and the material dried and pressed hot. It may be hard- 
ened by the action of carbon dioxide, sulphur dioxide or simi- 
lar gases at a temperature of 150-200°C. 


(3) MHerbig-Haar haus A.-G. Lackfabrik. Resinous con- 
densation products. German patent 679,046 (Dec. 
1, 1934). 

The ester, resulting from the esterification of one mole of 
erythritol with 2 moles of tall oil distillate until the acid 
number is about 2, is then esterified with an ester from 2 moles 
of methyladipic acid and 2 moles of glycerol at 220°C. The 
resin may be used in the preparation of pressed materials 
and as an impregnating agent. 


Oil Well Drilling 


(1) Anderson, Francis M. An oil-base drilling fluid. 
re patent 2,430,039 (Noy. 4, 1947); C. A. 42: 


A formula for an oil-base drilling fluid is: Diesel oil and 
air-blown asphalt blend 38,750 gallons, sodium silicate 13,200 
pounds, tall oil 13,200 pounds, sodium hydroxide 900 pounds, 
and saturated sodium chloride in water 1050 pounds. The drill- 
ing fluid is suitable for drilling through anhydrite formations. 


(2) Self, Edward S. An oil-base drilling fluid. Canadian 
patent 441,616 (May 20, 1947); C. A. 41: 5294. 
An oil-base drilling fluid is composed of a mineral oil, a 
finely divided suspended solid, and a stabilizing agent. Formu- 
las are given. 


Paint Remover 


(1) Hodges, Paul. A paint, varnish, and lacquer re- 
mover. U. S. patent 1,993,096 (March 5, 1935); T. 
S. 101: 297. 

Floating soap may be used with amylene dichlorides, alcohol, 
oleic acid, or water to prepare the eraulsion. Other solvents 
may be used, and tall oil maybe substituted for the floating 
soap. One example is as follows: floating soap 10%, oleic 
acid 3.3%, amylene dichlorides 20%, and water 66.7%. 


Pentaerythritol Esters 


See Bulletin No. 7, Bibliography on Tall Oil in the Paint, 
Varnish, Lacquer, Core Oil, Ink, and Related Industries. 


Petroleum Industry 


(1) Dittler, K. Tall oil in the alkali wash of petroleum 
distillates. Chem.-Ztg. 52: 577-578 (1928); C. A. 
22: 4238; T. S. 89: 80. 

The analysis of a typical tall oil is given. Tall oil is a 
good substitute for oleic acid to prevent formation of emulsions 
during the alkali washing of petroleum distillates. The product 
is heated with indirect steam to a temperature of at least 
85°C., and, after settling for 12 hours, the clear solution is 
drawn off. 3-5 Baumé sodium hydroxide gives best results. 
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Oils refined with this solution are clear and stable, but may 
have a brown color. 


Pharmaceutical Preparations 


i i harm. 
1 Schmatalla, O. Liquor Cresoli Saponatus. P 
Oe) ccntralhalle 68: 623-624 (1927), 
The linseed oil, which is used in the preparation of this 
liquor, may be replaced by tall oil. 


Plastic Masses 


Melamid, M. An oil for foundry use. German 
oa patent 386,062 (Nov. 18, 1921); Chem. Zentr. 
1924, I: 836. 

A plastic mass is formed by treating the distillation residue 
of fats, oils, or resins with sulphur. The plastic mass may 
be used in the hot condition or in solution in a suitable light 
or medium oil. 


2 Melamid, M. The preparation of plastic masses. 
(2) Garman patent 484,148, (Feb. 7) 4923) a(n 
Zentr. 1927, I: 678. 

Materials, which may be used as plastic masses for insulation 
and packing, are prepared from the product obtained from the 
treatment of the distillation residues of fats, resin-like com- 
pounds, and tar-oil distillates with sulphur mixed with asbes- 
tos, or with acetylene condensation products, with or without. 
indifferent products. These products may be molded under 
heat and pressure. 


(3) Obst, W. Utilization of tall oil. Loc. cit., Cutting 
Oils (3). 

(4) Sackett, Ernest D. A plastic compesition for shoe 
fillers. U. S. patent 2,121,745 (June 21, 1938); 
C. A. 32: 6358. 

A plastic composition is prepared from the distillation resi- 
due obtained from a substantially neutral, water-insoluble 
fraction, such as liquid rosin. A batch of extractive material 
was made by the distillation of acidified soda pulp liquor to a 
melting point of 140-145°F. It had a penetration of 4.1-7.9 
mm. by a No. 2 penetrometer needle under 50 grams pressure 
for five seconds at 77°F. A mixture was made using 68 grams 
of this residue, 1.5 grams of calcium hydroxide, 5 grams of 
rosin, and 21-23 grams of 20-80 mesh comminuted cork. 


(5) Sinit A.-G. The preparation of plastic masses. Ger- 
man patent 455,551 (Dec. 5, 1923); Chem. Zentr. 
1928, I: 1600. 
For the preparation of plastic masses, distillation residues 
of natural resins, tall oil, etc., are heated with sulphur and 
mixed with indifferent materials, such as asbestos. 


(6) Burrell, Harry. Process of making tall oil metal 
compounds. Loc. cit., Metallic Salts (1). 


(7) Daimler, Karl. Resinous masses which contain 
sulfur and chlorine. German patent 721,792 (May 
7, 1942); C. A. 37: 4832. 


Tall oil distillation residues, sulphate pitch may be treated 
with 10-20% of sulphur halide at 60-70°C. to produce resin- 
ous masses. 


(8) Farber, Eduard. Resinous products for oilproof 
varnishes. U.S. patent 2,312,807 (March 2, 1943); 
C. A. 37: 4832; B.C.P.A. 1944B, II: 331. 


A mixture of one of the resin and fatty acids of tall oil and 
a cellulosic substance is heated to about 300°C. to produce 
a resinous material for use on ceramic materials and metals. 
The weight of acid used should be at least as great as that 
of the cellulosic substance. 


(9) Farben, Eduard. Resinous products. British patent 
546,384 (July 10, 1942); C. A. 37: 4162. 


A resin is produced by heating polymerized carbohydrates 
with high-boiling wood acids, such as those contained in tall 
oil or wood resins. _ Because of the absence of reaction-inducing 
substances, the resin tends to have a higher dielectric strength 
and a higher electrical resistance than previously known resins. 


(10) Wolff, Werner. Plastic masses. U. S. patent 2,298.,- 
O78 (Oct 6, 1942); French patent 858,464 ‘uly 

3 German patent 728,038 (Oct. 15, 1942); 

C.'A. 37: 1530, 6773. os 7 
Polymerized tall oil may be esterified with saturated alco- 
hols in a mixture with vinyl ethers, which have a plurality of 
vinyl groups in the molecule, to obtain interpolymerization 
products capable of wide use. Glycol and polyglycoldivinyl 
ethers or octadecanedil divinyl ethers, vinyl ethers of mono- 
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hydric alcohols and vinyl esters, acrylic compounds, and other 
vinyl compounds may be used. During the polymerization 
fillers, indifferent resins, pigments, waxes, and similar sub- 
stances many be present. The product may be prepared by 
the addition at about 10°C. of 5% solution of boron fluoride 
dihydrate in dioxane (in an amount that noticeable polymeri- 
zation takes place) to a mixture of 12.7 parts of tall oil 
glycerol ester, 4.7 parts of diethylene glycol divinyl ether, 
28 parts of vinyl ethyl ether, and 8.7 parts of rosin and maleic 
anhydride and subsequent esterification with glycerol. The 
finished product; a brown, friable, elastic mass similar to 
linoxyn when blown with air or oxygen becomes more plastic 
allowing more fillers to be added. 


Puity 


(1) Harkko, E. The preparation of putty. Swedish 
patent 45,534 (Dee. 3, 1915); British patent 15,248 
(Oct. 28, 1915); C. A. 11: 1893. 
A putty may be prepared by boiling 700 parts of rosin oil 
until frothing ceases then adding, with stirring, 300 parts of 
petroleum. To this mixture is added chalk. 


(2) Harko, E. Preparation of putty. British patent 
15,249 (Oct. 28, 1915); C. A. 11: 1893. 

A putty is prepared by adding chalk or whiting to a mixture 
of glue, petroleum and bolted meal, rosin oil, and water. 50 
parts each of petroleum and bolted meal, 350 parts of rosin 
oil, and 500 parts*of water are used. 


(3) Schmid, W. Liquid rosin and its uses. 
Flypaper (1). 
(4) Strandel, Bjorn. The manufacture of putty. Fin- 
nish patent 12,871 (May 4, 1928); T. S. 92: 280. 
Floating rosin, the waste oil from the manufacture of sulphate 
pulp, is used in place of linseed oil, with a large or small amount 
of vegetable or animal oil, in a process for the manufacture of 
putty. 


Loc. cit., 


Rayon 


Improvement of the 
German 


(1) Phrix-Arbeitsgemeinschaft. 
spinnability of cellulose hydrate fibers. 
patent 742,523 (Oct. 21, 1943). 

The spinnability of cellulose hydrate fibers is improved by 
the application of an emulsion of the fatty acid conponents of 
tall oil or of their esterification product to the fibers. Emulsi- 
fication is carried out with the aid of an emulsifier. 


Rayon Desizing 


(1) Kollmann, Leo. Tall oil in textile proceszing. Loc. 
cit., Cotton Bucking (1). 


Review 


(1) Frydelender, J. H. Uses of solid and liquid resins. 
Rev. prod. Chem. 37: 33-36, 65-70 (1934). 
A description is given of the composition, analysis, properties, 
preparation, and uses of the liquid and solid resins of tall oil. 


(2) Sandquist, Hakan. Om Tallolja Ing.-Fiss. Akad. 
Stockholm, Abh. No. 10. 1922. 69 p. 
A general survey of the history, manufacture, and properties 
of tall oil is given. 


(3) Wise, Louis E. Tall Oil. 
822-826, 831 (Nov., 1942). 
A general review, with 47 references, of the purification and 
uses of tall oil. 


(4) Hess, M. The uses of tall oil in the paint industry. 
Paint Technology 11, no. 128: 299-304 (Aug., 
1946); C. A. 41: 3305. 

A study was made of the terminology, the methods of re- 
fining, neutralization, and separation of the fatty and rosin 
acids. It was found that the drying properties of tall oil 
media are not always satisfactory, unless they are with oils 
such as tung. 

(5) Juvonen, V. V. Tall oil. Suomen Kemistilehti 20A, 

no. 2: 18-28 (1947). 

Included in the review are 48 references. 

(6) WHermann, F. J. Tall oil review. Centrall Inst. 
Materiaal Onderzoek, Afdel. Verf., Cire. 44, 8 pp. 
(1948); C. A. 42: 5219. 


Paper Ind. 24, no. 8: 
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_ This article is a review of the constitution, fractionation, 
isolation, refining, and chemical changes of tall oil with respect 
to its uses in the paint industry. 


(7) Frylender, J. H. The uses of tall oil or liquid resin. 
Rev. prod. chim. 50, 6-9, 23-27 (1947); Chem. 
Zentr. 1947, I, 477; C. A. 42: 9170. 

This is a review of the papers and patents on the manu- 
facture, composition, extraction, properties, and uses of tall 
oil and tall oil acids. 

(8) Wheller, P. H. Tall oil. Central Mfg. District Mag. 

32, no. 9, 33-37 (1948); C. A. 42: 9176. 


In the article is given a brief description of the production, 
composition, and common uses of tall oil. 


Road Building 


(1) Schmid, W. Liquid rosin and its uses. 
Flypaper (1). 


Loc. cit., 


Rosin Oil Substitute 


(1) The use of waste products. 
Agent (18). 


Loc. cit., Emulsifying 


Rotproofing Agent 


(1) Marsh, Paul B., Greathouse, Glenn A., Bollenbacher, 
Katharina, and Butler, Mary L. Use of copper soaps 
as rot-proofing agents on fabrics. Ind. Eng. Chem. 
36, no. 2: 176-181 (Feb., 1944); C. A. 38: 1121. 


Tests were conducted to evaluate copper tallate as a rot- 
proofing agent. It is highly insoluble in water; it may be 
solubilized by acid hydrolysis or by reaction with materials 
which form soluble copper complexes. Fabrics, which have 
been treated with the soap, lose copper at points where the 
fabrics are in contact with the soil. 


Rubber 


(1) Tengler, J. Rubber-containing varnish and adhesive. 
Loc. cit., Adhesives (4). 

(2) La Crosse, Clifford G. Rubberlike compounding 
material. U.S. patent 2,421,627 (June 3, 1947); 
B.1L.P.C. 17: 676; C. A. 41: 5336. 


Equal parts of tall oil and No. 480 styrene-type resin; which 
is a product containing polymers of styrene with some poly- 
mers of the isomeric methylstyrenes, coumarone, and indene; 
are used to form a compounding material for GR-S (Buna 8) 
synthetic rubber. The proportions may be varied, but the 
melting point is lowered when more than two parts of tall oil 
and one part of styrene are used. About 20 parts of this 
material may be used with 100 parts of rubber. 


(3) Harber, W. I., and Yoran, C. S. Use of tall oil 
esters as plasticizers for GR-S. Ind. Eng. Chem. 37, 
no. 10: 953-956 (Oct., 1945); B.I.P.C. 16: 114; 
C. A. 39: 5541. 

Esters of tall oil were tested, and the results were compared 
with those obtained with commercial plasticizers. The tall oil 
esters tested were: allyl, benzyl, bornyl, B-phenylethyl, cin- 
namyl, cresyl, cyclohexyl, diethylene glycol, ethylene glycol, 
glycerol, isopropyl, methylphenylcarbinyl, methyl, nonaethylene 
glycol, p-chlorophenyl, pentaerythritol, phenyl, p-tetr-amyl- 
phenyl, tetraethylene glycol, thymyl, 2-chloro-4-tert-amyl- 
phenyl, tetrahydrofurfuryl, 2-chloro-4-tert-amylphenyl, and 
2-napthyl. Using aromatic-aliphatic alcohols produced marked 
changes in the vulcanizates, and the time required to incorporate 
the esters was lowest of any classes studied. Various proper- 
ties are discussed. 


(4) Pollak, Arthur. Utilization of tall oil. 
Emulsifying Agent (14). 


Loc. cit., 


Rust Inhibitor 


(1) Hodges, Paul. A rust-inhibitor. U.S. patent 1,993,- 
099 (March 5, 1935); C. A. 29: 2632; T. S. 101: 
297. 

The composition of a rust inhibitor is as follows: 0.5-25 
parts of floating soap, about 10 parts of alcohol, and water to 
make a total of 100 parts. Articles, which are to be treated 
or freed of grease, may be treated with the solution by either 
dipping or spraying. 
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(2) Farber, Eduard. The utilization of wood acids. Loc. 
cit., Lubricating Oil (11). Enna 
Kollen, Myron H., and Flaxman, Marcellus T. 

3) Be icoroventive composition. U. S. patent 2,418,075 
(Mareh 25, 1947); C. A. 41: 3739. 

Formulas are given for a number of antirust compositions. 
One such composition contain 5-95% oil-soluble polyvalent 
metal tall oil soap and 5-85% oil-soluble polyvalent metal 
degras soap. 


Silk Degumming 


(1) Kollmann, Leo. Tall oil in textile processing. Loc. 
cit., Cotton Bucking (1). 


Sizing Agent 


(1) Baird, P. K., and Curran, C. E. A statistical survey 
of rosin as used in the paper industry. Paper Trade 
J. 111, no. 1: 37-44 (July 4, 1940); Tech. Assoc. 
Papers 23, no. 1: 262-270 (June, 1940); Paper 
Making and the Printer 59, no. 3: 18-20 (Autumn, 
1940); B.I.P.C. 10: 463. 

Tall oil is used with dark rosin for certain low-grade paper 
products. Tall oil can hardly be considered as a substitute for 
rosin, and its combination with rosin probably increases the 
use of the rosin by improving its plastic properties. 


(2) Bergstroem, Hilding O. V., and Cederquist, K. N. 
Preparation of a sizing agent from rosin acids. 
Swedish patent 95,088 (March 1, 1935); Chem. 
Zentr. 1940, I: 167. 

In the preparation of a sizing agent, the rosin acids are 

melted with a sufficient amount of resinate to lower the melting 
point of the mixture below 100°C. 


(3) Christiansen, Magnus. The activities of the Re- 

search Institute for Paper Industry (Norway) dur- 

ing the war year. Papir-J. 28, no. 23: 210-213 

(Dee. 19, 1940); C. A. 35: 3440; B.I.P.C. 11: 375. 

The value of tall oil as a substitute for rosin in sizing is given 

in a brief summary. The rosin component gives a good size as 

papermakers’ rosin, but the fatty acid component reduces 
the value of tall oil as a size. 


(4) Continentale A.-G. fuer Chemie. Sizing paper. 
German patent 454,005 (Jan. 28, 1926); Zellstoff 
u. Papier 8: 98. 
An emulsion used for sizing paper is prepared by the saponi- 
fication of pinabietic acid, obtained from tall oil. 


(5) Hasselstroem, Torsten. Preparation of a rosin for 
paper sizing from tall oil rosin acids. Finnish patent 


11,455 (Nov. 23, 1925); Papier-Fabr. 25: 494, 


Rosin acids from crude or purified tall oil are washed with a 
solvent and melted with acids, bases, or salts to prepare a 
rosin suitable for paper sizing and soap manufacture. 


(6) Johnstone, Edward J. A sizing composition for 
paper. U.S. patent 1,929,115 (Oct 3, 1933); T. 8. 
98: 246. 

To prepare a sizing composition, add 100 parts of resin to 
an aqueous solution to the amount of 40 parts (by weight) of 
the rosin which is dissolved 20 parts (by weight) of soda ash. 
After this mixture has been cooked until the mass is molten, 10 
parts (by weight) of rosin of swedish tall oil are added. Fur- 
ther cooking for about five hours or until homogenity is secured 
produces a chemical or quasichemical, or colloidal paste. As 
much as 30 parts of tall oil may be used, and it reduces the 
melting point of the rosin and decreases the drying time of 
the paper. 


(7) Keghel, M. de. The composition of tall oil and its 
utilization. Loc. cit., Axle Grease (1). 


(8) Klemm, P. Rosin substitute. Chem.-Ztg. 34: 1353 
(1910); J. Soc. Chem. Ind. 30: 37. 


aig rosin may be used as a partial substitute for colo- 
phony. 


(9) Klemm, Paul. The sizing of paper. German patent 

Peed (May 8, 1917); Chem. Zentr. 1919, IV: 

_A colloidal solution of montan wax is produced by the addi- 

tion of less than 25% of saponified tall oil to the wax. Size 
resistance 1s increased by the use of tall oil. 
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10 Kylander, Yrio. The by-products of the pulp in- 

Syn aay Finnish Paper and Timber J. 6, no. 7: 
182-183; no. 9: 264-265 (April 15, May 15, 1926); 
Wochbl. Papierfabr. 57, no. 37: 1023-1024 (Sept. 
11, 1926). ere: 

The rosin acids, obtained from tall oil by distillation, may 
be used for sizing brown wrapping papers. 

11 Liquid rosin from tall oil. Svensk. Pappersmasse- 
a Tidn. 14: 550-552 (1937); Auszuge 1938: 67. 

The average composition of tall oil is given, and a number 
of its uses are listed. Three fractions; fatty acids, a rosin 
fraction, and pitch; are obtained by vacuum distillation of 
tall oil. The rosin fraction, which has a melting point higher 
than colophony, is suitable for paper sizing. 


12 Neitzke, Oscar F. Manufacture of sized paper. 

ree? U. S. patent 2,093,337 (Sept. 14, 1937); C. A. ole 
8198; T. S. 106: 154. ; 

The liquid resin, separated from spent alkaline pulping 
liquor, is distilled to obtain a substantially nonvolatile, thermo- 
plastic, pyrogenous residue. This residue, while in a molten 
condition, is intimately mixed with an aqueous liquid to effect 
its emulsification. The emulsion is then incorporated with a 
stock from which the paper is formed. 


(13) Neumann, K.-E. Impressions from Swedish sulfate 
mills (1935). Wochbl. Papierfabr. 67, no. 7: 
125-128 (Feb. 15, 1936); B.I.P.C. 6: 325. 

Almost all Swedish mills recover the raw sulphate soap 
formed during the cooking process and purefy the fatty and 
resin acids. At the time the resin acids were being used as 
size in several of the mills, and plans for large-scale production 
were being made. 


(14) Schacht, F., Komm.-Ges. Sizing for paper and 
cardboard. German patent 624,133 (Jan. 13, 
1936); C. A. 30: 2760. 

The acids, obtained from the distillation of tall oil (under 
vacuum), are saponified and used either alone or mixed with 
saponified wax as a size for cardboard or paper. 


(15) TAPPI. Disposal of sulfate black liquor soap. 
Special Report No. 152. April 10, 1931. 6p. 

The soap, which collects in black liquor storage tanks, may 
be burned or chemically processed to recover pine oil and 
fatty acids. They may be sold or treated for the preparation 
of sizing material. Data are given on the separation of the 
soap from the liquor and yields per ton of pulp. 


(16) Winson, Th. M. Artificial products. Loc. cit., 
Molded Products (1). 


(17) Zachimmer & Schwarz Chemische Fabrik. Dolan. 
Paper-sizing. German patent 597,506 (May 26, 
1934); C. A. 28: 5669. 


The reduction products from resins or tall oil are used to 
size paper. The products are alcoholic in character and are 
used with other sizing agents. 


(18) Porter, Rotheus B., Jr. Aqueous dispersions of 
thermoplastic hydrocarbons for sizing paper and 
board stocks. U. S. patent 2,356,882 (Aug. 29, 
1944); C. A. 39: 417. 

The liquid resin, separated from spent alkaline pulping liquor, 
is distilled to obtain a substantially nonvolatile thermoplastic 
pyrogenous residue. A thermoplastic hydrocarbon material, 
such as that of asphalt or paraffin, is then melted with about 
5-15% of the residue, and the melted mixture is mixed with 
an aqueous solution containing about 0.25-5% of a caustic 
alkali and about 0.25-2% of an alkali metal pyrophosphate. 
The pyrophosphate serves as a dispersion promoter and stabil- 
izer for the dispersion of the hydrocarbon material in the 
aqueous solution. Numerous details are given. 


(19) Schwalbe, C. G. The preparation of strong and 
thick paper. German patent 381,144 (Aug. 21, 
1918). 

_An emulsion of tall oil in a soap solution or a solution of tall 
oil in an organic solvent is used to size paper. The sized paper 
is dried at 100—-120°C. 


(20) Bent, Franklin A., and Peterson, Elbert A. The pro- 
duction and uses of tall oil ester resins. Loc. cit., 
Adhesives (9). 


(21) pets Terje. Res studies of tall oil pitch. 
vens apperstidn. 50, no. 16: 363-369 (Aug. 31 

1947); B.L.P.C. 18: 202. mene 
Samples of tall oil pitch from various mills were compared 
as to composition. These compositions are given and vary 
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greatly. From sizing experiments conducted with isolated 
components of the pitch, it was found that it is the resin 
acids which form the principal active ingredient in the prep- 
aration of size for kraft paper and wallboard. The use of 
the readily esterifiable acids of the pitch imparts poor sizing 
strength. 14 references are given. 


(22) Juvonen, V. V. Use of tall oil rosin as a sizing 
agent in the paper industry. Finnish Paper and 
Timber J. 28, no. 1: 8-13 (Jan. 15, 1946); B.I.P.C. 
16: 370; C. A. 40: 4881. 


Upon distillation of tall oil a rosin fraction is obtained; and 
when the rosin content of the distilled tall oil fractions is more 
than 35%, part of the rosin crystallizes but can be removed 
by centrifuging. The rosin crystals are melted and mixed with 
2-3% soda to prevent recrystallization on cooling. Although 
tall oil rosin is readily soluble in alkalies, its tendency to 
crystalhze and its high melting point, 150-155°C., cause 
difficulties for the preparation of size. Tall oil rosin is most 
suitable for the Delthirna sizing process, but can also be con- 
verted to size in an ordinary indirect steam-heated kettle. 
' However, the finely crushed rosin must be dissolved in alkali 
in the latter process. Rosin may be used in a mixture of as 
much as about 50% in the. Bemoid or similar processes, in 
which only part of the rosin is first melted and saponified. In 
laboratory and large-scale mill tests the sizing properties of tall 
oil rosin were equal to those of colophony rosin. 


(23) Juvonen, V. V. Use of tall oil size as substitutes for 
rosin. Finnish Paper and Timber J. 27, no. 17: 
256-257 (Sept. 15, 1945); B.I.P.C. 16: 312; C. A. 
40: 2000. 

Tall fatty acids, crystallized tall rosin acids, and tall pitch 
are the main products obtained from the distillation of raw 
tall oil. A rosin can be prepared from the crystallized fraction 
and has good sizing ability. No cooking of the size is required, 
and it may be dissolved to a solution of desired strength and 
added to the heater. Best sizing results are obtained with 
steamed groundwood and unbleached sulphate, but it can be 
satisfactorily used with ordinary groundwood and unbleached 
sulphite pulp. Due to dark color it cannot be used for bleached 


pulp. 


(24) Enkvist, Terge. Investigation of tall oil pitch. 
Svensk Papperstidn 50, 363-369 (1947); C. A. 
42: 1420. 

Tall oil pitch is the residue remaining from the distillation 
of crude tall oil under vacuum. Four samples of pitch were 
obtained from different Swedish distillations and analyzed and 
compared. Tall oil pitch has been extensively used as a sizing 
agent for kraft paper and wallboard. Sizing tests showed that 
resin acids that were oxidized, unoxidized, or condensed, pro- 
duce a sizing effect; but the fatty acid fractions were poor 
Sizing agents. 


Soap 


(1) Edwards, Karl B. Wood pulp by-products and the 
soap industry. Perfumery Essential Oil Rec. 35: 
667-668 (1944); Oil & Soap 22: 28. 

This is a description of soaps made from tall oil and a 

discussion of its future possibilities. 


(2) Hammel, E., Schroder, A. W., and Hamesath, H. 
Preparation of a soap from fatty acid components of 
tall oil. Swedish patent 110,745 (May 31, 1940). 
To prepare a soap, tall oil is stirred with water then saponi- 
fied with concentrated alkali or a mixture of alkali with am- 
monium hydroxide. Crude tall oil should be purified by 
centrifuging before saponification. 


(3) Hastings, R., and Pollak, A., and Wafer, J. M. Use 
of tall oil in soap. Soap Sanit. Chemicals 19, no. 
5: 24-27, 70 (1943); C. A. 38: 5424; B.C.P.A. 
1943B, Il: 289. 

Production of tall oil in the U.S. in 1942 is described, and 
typical analysis and methods of production of liquid and 
paste soaps are given. As much as 25% tall oil may be used 
in chip, hard, and powder soaps. 


(4) Houpt, Alfred G. The preparation of powdered 
soap. U. S. patent 2,366,334 (Jan. 2, 1945); C. 
A. 39: 2000. 

In the patent is included a process for the separation of the 
fatty acid soaps of black liquor soap from the rosin acids. A 
free-flowing soap powder is obtained by cooling an organic 
solvent solution to precipitate the soaps ‘of the fatty acids, 
separating them from the mother liquor, and drying under 
vacuum at a temperature not greater, than 80°C. 
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(5) Application of rosin and tall oil in the soap industry. 
Soap, Perfumery and Essential Oil Record 33: 260- 
262 (1942). ? 

(6) Treffler, Andreas. Pros and cons of tall oil in soap. 
Soap Sanit. Chemicals 20, no. 6: 29-30, 63 (1944). 
See Bulletin No. 6, Tall Oil in the Soap and Deter- 
gent Industry. 

(7) Clayton, Benjamin. The refining of animal or vege- 
table oil with simultaneous production of a soap 
derived from tall oil and fat acids. U. S. patent 
2,390,990 (Dec. 18, 1945); C. A. 40: 3285. 


The oil, which is to be refined, and sodium carbonate or 
sodium or potassium hydroxide (alkali refining agent) are 
mixed in controlled proportions and pumped into a mixing 
device. Phosphatides and gums are precipitated, oil and soap 
stock are heated to vaporize impurities and water, and the 
mixture is discharged into a vacuum dehydrator at a tem- 
perature of 140-230°F. A mixture of tall oil and the dehy- 
drated oil and soap stock mixture is centrifuged at 100-250°F. 
The separated refined oil and soap stock are purified; the re- 
fined soap stock, a molten, anhydrous soap, is then milled or 
plodded as a solidified soap. 


(8) Dreger, Emil E. A method of treating tall oil. U.S. 
patent 2,240,365 (April 29, 1941); C. A. 35: 5536. 


Liquid resin from black liquor is subjected to a regulated 
heat treatment, at relatively high temperature; and, at the 
same time, a strong current of steam or inert gas is passed 
through the resin. The heat treatment may be conducted with 
or without pretreatment and during or after saponification. 
Reduced pressure and the absence of air or liquid water are 
advantageous. The unsaponifiable matter is removed and 
the characteristics of saponifiable and unsaponifiable material 
are apparently changed. The product is free of objectionable 
odor and, when grained, forms a harder soap. The process 
is illustrated by examples. In one example 2000 parts of 
crude soap are saponified completely with 35 parts of 50° Be’. 
aqueous caustic soda solution. The soap solution, after 
boiling with air blowing for several hours, is then grained out 
with sodium chloride brine. The solution is salted out several 
times, and the fatty acids are fractionated at 5 mm. Products, 
substantially free from unsaponifiable constituents, are obtained 
by subjecting the fatty acid fractions to the alkali-steam treat- 
ment. The oxygenated inorganic acid derivatives of the un- 
saponifiables, as well as the new soap composition may be used 
in combination with the common auxiliary agents used in 
soaps and detergents. 


(9) Bergstrom, H. O. V., Heijmer, G. B., and Trobeck, 
K.G. Use of tall oil in metal soaps. Swedish patent 
120,174 (Nov. 11, 1947); C. A. 42: 7557. 

Fractions of tall oil or tall-oil fatty acids, which contain 

appreciable amounts of emulsifying substances, are used in 
the preparation of metal soaps. The final fractions of tall oil 
and the first fractions of the fatty acids are generally used. 


Soil Stabilization 


(1) Miller, Abraham B. The stabilization of soil. U.S. 
patent 2,357,124 (Aug. 29, 1944). 

An aqueous suspension of tall oil and substantially petroleum 
hydrocarbon-insoluble pinewood rosin can be used to stabilize 
soil. The suspension should contain a dispersing agent. Soil 
stabilization is a treatment which renders the soils more 
suitable road-building materials. Although tall oil alone 
produces a slight stabilizing action, it is inferior to a combina- 
tion of 1 part of tall oil to 2 parts of resin. The mixture is 
ground to pass a 40-mesh sieve then mixed with an alkaline 
agent, such as sodium or potassium hydroxide, sodium silicate, 
or trisodium phosphate. A portion of the tall oil, saponified 
by the alkali, serves as a dispersing agent. Satisfactory re- 
sults are obtained by the use of 1-10% of the tall oil-resin 
mixture, based on the weight of the soil. The suspension may 
be simply sprinkled over the road in some cases. 


Stabilization 


(1) Dressler, Russell G., Vivian, Robert E., and Hassel- 
strom, Torsten. The treatment of tall oil. Loc. cit., 
Hydrogenation (18). 

(2) Dressler, Russell G. Vivian, Robert E., and Hassel- 
strom, Torsten. Stable compounds from tall oil. 
Loc. cit., Hydrogenation (19). 

(3) Hasselstrom, Torsten. The art of stabilizing tall oil 
materials. U.S. patent 2,311,386 (Feb. 16, 1943) ; 
C. A. 37: 4572; B.C.P.A. 1944B, II: 292. 
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Tall oil or abietic acid from tall oil is heated with iodine to 
obtain a material, which has much greater stability than 
Steele’s abietic acid. A product, resembling vitamin D and 
having a higher melting point and in other ways differimg 
from original tall oil, is produced by the treatment of the 
sterols of tall oil with iodine. The iodine treatment should 
be carried out at a temperature of 150-200°C. using 0.5-1% 
iodine; above 3% iodine active halogenation takes place, and 
below 0.1% iodine no reaction takes place. After heating tall 
oil with iodine, on standing the resin acids separate. They 
largely consist of dehydroabietic and dihydroabietic acids ; 
the mother liquor contains the fatty acids, sterols, unsaponi- 
fiables, and some resin acids. Other examples are given. 


Stencil Ink 


(1) Davis, Alex B. Inks. U. S. patent 2,385,613 (Sept. 
25, 1945); C. A. 39: 5511. 

Tall oil is used as one of the components of a stencil ink. 

The stencil duplicating ink has as its components: tall oil, 

carbon black, castor oil, ethylene glycol, and triethanolamine. 


Reaction With Sulphides 
(1) Boehme, A.-G., H. Th. Capillary active ester-like 


sulfuric acid compounds. Loc. cit., Emulsifying 


Agent (3). 


Sulphonated Tall Oil 


(1) I. G. Farbenindustrie A.-G. The preparation of 
sulfonic acids from fats and oils. German patent 
501,086 (Jan. 27, 1938). 

In the preparation of sulphonic acids, tall oil and other oils 

and fats are treated with chloroacetylchloride sulphonic acid. 


(2) _ I. G. Farbenindustrie A.-G. A method for preparing 
true sulfonic acids from unsaturated aliphatic or 
hydroaromatic hydrocarbons and their derivatives. 
German patent 550,243 (June 5, 1927); C. A. 26: 
4067. 

True sulphonic acids, which are stable to boiling hydrochloric 
acid, are obtained by the treatment of unsaturated aliphatic or 
hydroaromatic hydrocarbons or their derivatives with chlorosul- 
phonic acid or fuming sulphuric acid in the presence of esters 
or low-molecular weight ethers; or by treatment of the hydro- 
carbons or their derivatives with esters of chlorosulphonic 
acid or substances forming these esters. The amount of 
sulphonating agent must exceed that required to esterify the 
hydroxyl group, when hydroxylated unsaturated compounds are 
treated. One hundred parts of tall oil were treated with 160 
parts of ethyl chlorosulphonate. The mixture was then heated 
for two hours at 80°C., and the reaction product diluted with 
water and heated under reflux with sulphuric acid. 


(3) Nill, Edward A. Method of making a drawing com- 
position. Loc. cit., Drawing Oil (1). 
(4) Oranienburger chemische Fabrik A.-G. The prep- 


aration of high molecular sulfonation products. 
German patent 583,606 (Aug. 3, 1926). 

The product is prepared by mixing 52 parts, by weight, of 
tall oil and 50.6 parts of benzoyl chloride, condensing, then 
sulphonating with 83 parts of chlorosulphonic acid at a tem- 
perature of about 35°C. The product, after standing overnight, 
is dissolved in water and neutralized with sodium hydroxide; 
upon cooling, sodium sulphate and impurities are removed 
by filtration. 


(5) Oranienburger chemische Fabrik A.-G. The prep- 
aration of halogen-substituted organic sulfonic 
acids. German patent 595,800 (July 19, 1928). 
The acids are prepared by treating; at 33-35°C. with 130 
parts of chlorosulphonic acid; 40 parts by weight of tall oil, 10 
parts of mineral oil distillate, with an Engler viscosity of 7.5 
at 20°C. and an iodine number of 5.9, and 0.5 part of man- 
ganese dioxide. After standing overnight, the reaction product 
is diluted with water, neutralized with lime water, and the 
organic salts which separate are filtered. The filtrate is 
evaporated to dryness under vacuum. 


(6) Oranienburger chemische Fabrik A.-G. Preparation 
of high Eee lniaedin acids or their salts. Ger- 

man patent s April 26, 1929); (Dec. 13, 
1935); C. A. 30: 2288, Mie 
Examples are given. In one example the tall oil is mixed 
with lactic acid and chlorobenzene and condensed and sul- 
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ed with chlorosulphcnic acid at a temperature of about 
ces standing overnight, the sulphonic acid is taken 
up in water and purified with the calcium salt. It is trans- 
formed to the sodium salt with sodium carbonate. The solu- 
tion is evaporated to dryness in a vacuum to give a powder 


having good stability. 


(7) Oranienburger chemische Fabrik A.-G. The prep- 
aration of condensed organic sulfonic acids. Ger- 
man patent 649,323 (Sept. 17, 1933). 

In the preparation of condensed organic sulphonic acids, 50 
parts, by weight, of tall oil and 12.5 parts of monochloroacetic 
acid are condensed and sulphonated with 55 parts of pyrosul- 
phuryl chloride at a temperature of about 40°C. After stand- 
ing overnight, the product is taken up in water and neutralized 
with concentrated sodium hydroxide; and, after cooling, crystal- 
lized Glauber salt and impurities are removed by filtration. 
The sulphonate may be used either as a solution or evaporated 


to dryness. 


(8) Oranienburger chemische Fabrik A.-G. The prep- 
aration of surface-active sulfonation products. 
German patent 666,828 (April 2, 1927). 

A mixture is made of 100 parts, by weight, of liquid rosin 
and 150 parts of acetyl chloride, and heat is removed while 
mixing. This mixture is sulphonated with 100 parts of chloro- 
sulphuric acid at 30°C., and the sulphonic acid is taken up in 
water and transformed, with cooling, into the ammonium or 
sodium salt. The sulphonate can be used as a substitute for 
Turkey red oil. 


(9) Getty, Edmund. The use of sulfonated tall oil in 
the manufacture of coated paper. Loc. cit., Coat- 
ing Agent (1). 

(10) Stewart, C. W. An adhesive for paper clay coatings. 
Loc. cit., Coating Agent (2). 

(11). Aktiengesellshaft fuer Chemiewarte. The use of 
the residue from oil purification. German patent 
505,930 (Dec. 18, 1924), Chem. Zentr. 1930, II: 
2344. 

The residue obtained from oil purification is treated with 
sulphonated tall oil in the presence of alkali. 


(12) Foulon, A. New adhesives and accessory materials 
in the paint and varnish industry. Farbe u. Lack 
1934: 194, 206, 219-220. 
Some new products, important to the paint and varnish in- 
dustry, are discussed. Among the products discussed is sul- 
phonated tall oil. 


(13) Keghel, M. de. The utilization of tall oil. Rev. 
Chim. ind. 35: 170-173, 202-206 (June, July, 
1926); Pulp Paper Mag. Canada 26, no. 16: 529- 
531, 546, 548 (April 19, 1928); C. A. 21: 1354; 
T. S. 85: 212. 


The composition of tall oil distillate is given. Listed are a 
number of uses of the distilled fatty acids, the resin fraction, 
and the alkali soap. Sulphonated resin acids can be used in 
ready-mixed, anti-rust, and anti-fouling paints. The residual 
pitch, which is very similar to stearin pitch, can be used in 
the same kinds of paint as the sulphonated resin acids. 


(14) Pollak, Arthur. Utilization of tall oil. Oil & Soap. 
17: 87-89 (1940); C. A. 34: 3492; B.I.P.C. 11: 32; 
B.C.P.A. 1940 B: 544. | 


Tall oil is used in making asphalt emulsions, as a substitute 
for fatty acids in softening rubber, in the soap industry, and - 
in the petroleum and paint industry. Sulphonated tall oil 
can be used as a substitute for Turkey red oil. 


(15) Argruss, Meyer S., and Schindler, Hans. The break- 
ing of crude oil emulsions. Loc. cit., Breaking of 
Emulsions (1). 


(16) Argruss, Meyer S., and Schindler, Hans. Process for 
emulsifying oils. Loc. cit., Breaking of Emulsions 


(17) Friesenhahn, P. Washing, wetting, and emulsifying 
agent. Loc. cit., Detergents (2). 


(18) Hastings, R. Use of tall oil for the textile industry. 
Loc. cit., Metallic Salts (4). 


(19) Oranienburger Chemische Fabrik A.-G. Prepara- 
tion of high molecular sulfonic acids or their salts. 
‘oan patent 607,018 (Feb. 2, 1927); C. A. 29: 


The method of preparation consists of treating 8 
: : g 80 parts of 
tall oil and 20 parts of dark viscous lubricating oil tas mix- 
ture of 15 parts of phosphorous trichloride and 70 parts of 
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fuming sulphuric acid, eee 40% sulphur trioxide, at a 
temperature of about 35°C. Condensation and sulphonation 
are completed, after yeerhe for several hours, by the addition 
of 90 parts of chlorosulphonic acid. The sulphonic acids are 
diluted in about 75% of their weight of water. This solution 
is heated to boiling, neutralized with lime water, and filtered 
from the calcium sulphate; and the hot filtrate is treated with 
soda. After cooling, it is ‘filtered from the calcium carbonate 
and evaporated to dryness. : 


Sulphonation 


(1) Chem. Fabrik Floersheim Dr. H. Nordlinger A.-G. 
A substitute for Turkey red oil. Loc. cit., Emulsify- 
ing Agent (4). 

(2) Geigy, J. R., A.-G. A sulfonated derivative of tall oil. 
ie patent 156,113 (Aug. 6, 1931); C. A. 27: 


A resinous water -soluble substance, useful in the textile in- 
dustry, is obtained by the treatment of a mixture of 100 parts 
of tall oil and 30 parts of phenol with a sulphonating agent. 


(3) I. G. Farbenindustrie A.-G. Tall oil derivatives as 
dispersing agents. Loc. cit., Emulsifying Agent (9). 
(4) Oranienburger Chemische Fabrik A.-G., Linder, 
Kurt, and Zickermann, J. The preservation of solu- 
tions and gels of organic colloids. German patent 
Ses (Feb. 12, 1927); Chem. Zentr. 1932, II: 


Tall oil, mineral oil distillate, and chlorosulphonic acid are 
used in the preparation of a sulphonic acid. 


(5) Vilbrandt, Frank C., Chapman, Paul E., and Crockin, 
Jerome M. The sulfonation of tall oil. The separa- 
tion of rosin and fat acids. Ind. Eng. Chem. 33, no. 
ae Seige (Feb., 1941); C. A. 35: 2021; B.I.P.C. 


An investigation was made of the purification of tall oil by 
an extraction process and by the use of sulphuric acid. The 
product was not greatly improved using the extraction process. 
Varying quantities of sulphuric acid were added to a gasoline 
solution in the acid-refining process. To separate the fatty 
acids from the rosin, tall oil, which had been purified by 
sulphuric acid treatment, was sulphonated at low temperatures. 
Water-soluble sulphuric acid esters of the fatty acids were 
formed. Investigations were made of the effect of acid con- 
centration at 0°C. and of the effect of time and acid quantity 
at —13°C. Using 90% acid at 0°C. reduced the fatty acid 
component without appreciably reducing the rosin content; 
strengths of acid below 85% gave no appearance of attack on 
either fatty or rosin acids. In the use of increasing amounts 
of 95% sulphuric acid at —13°C., the fatty acids removed were 
accompanied by the loss of considerable quantities of rosin. 


Sulphur Chloride Reaction Products 


(1) Foehre, B. A drying composition for varnish. Ger- 
man patent 576,262 (July 3, 1931). 


Crude tall oil is dehydrated with burnt gypsum, treated with 
about 8% sulphur chloride, and neutralized to produce a mate- 
rial for weather-resisting varnishes. 


(2) Abramowitz, William L., and Beach, Ralph M. Cut- 
ting oils from sulfurization of oils and fats. Loc. 
cit., Cutting Oils (6). 

(3) Daimler, Karl. Resinous masses which contain sul- 
fur and chlorine. Loc. cit., Plastic Masses (7). 


Sulphur Reaction Product 


(1) Melamid, M. An oil for foundry use. Loc. cit., Plas- 
tic Masses (1). 

(2) Melamid, M. The preparation of plastic masses. 
Loc. cit., Plastic Masses (2). 

(3) Sanit A.-G. The preparation of plastic masses. Loc. 
cit., Plastic Masses (5). 

(4) Davis, Gifford D., and Barth, Edwin J. Sulfurized 
glyceryl esters of tall oil. Loc. cit., Lubricating Oil 
(13). 


Tanning Agent 
(1) Uddeholms A.-B. A tanning agent. Swedish patent 
48,502 (April 10, 1919). 
Liquid rosin, which is emulsified with sodium hydroxide or 
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dissolved in alcohol, is used to treat the skins either during or 
after tanning. 


(2) I. G. Farbenindustrie A.-G. The preparation of a 
tanning agent. French patent 817,477 (Feb. 8, 
1937); Swiss patent 198,153; British patent 489.- 
967; (Aug. 8, 1938); C. A. 32: 2386; 33: 1173; 
B.C.P.A. 1939B: 185. 


A tanning agent may be preva ed by the sulphonation, using 
concentrated sulphuric acid, of a mixture of a natural resin, 
such as found in tall oil, and a phenol. Electrolytes are re- 
moved from the crude "product by washing with a 2-10% 
aqueous solution of an alkali. 


Textile Industry 


(1) Henk, Hans J. Use of tall oil in the preparation of 
textile detergents. Seifensieder-Ztg. 67: 22 (1940); 
C. A. 34: 1870. 


Tall oil soap is used for varied textile requirements. Some 
of the uses include desizing, dyeing, degumming of silk, scour- 
ing of raw wool, washing cottons, and washing white woolens. 
Because it is easily oxidized and the odor is increased, tall oil 
soap should not be used during chlorine bleaching. Tall oil 
ee a the consumption of bleach by 50% in a peroxide 

each. 


(2) Jahrstorfer, Michael, and Schwarte, Georg. Proc- 
cesses for preparing a waxlike substance. Loc. cit., 
Hydrogenation (6). 

(3) Riebecksche Montan-Werke A.-G. A. The prepara- 
tion of fatty acid-like components. Loc. cit., Hydro- 
genation (8). 

(4) Hastings, R. Use of tall oil for the textile industry. 
Loc. cit., Metallic Salts (4). 

(5)  Phrix-Arbeitsgemeinschaft. A brightening agent 
prepared from tall oil. Belgian patent 446, UU 
(Sept. 30, 1942); C. A. 39: 1064. 

A small amount of resinic acids is present in the fatty en 
or their esters, obtained by the fractional distillation of tall 
oil. These acids, 1 gram per liter, are used in solution or 
emulsion, in the presence of 0.1 gram per liter of an emulsifier, 
to brighten textiles. Turkey red oil may be used as the 
emulsifier. 


Textile Oils 


(1) Chem. Fabrik Floersheim Dr. H. Nordlinger A.-G. 
A substitute for Turkey red oil. Loc. cit., Emulsify- 
ing Agent (4). 

(2) Continentale A.-G. fur Chemie und Reichsverkehrs- 
banke G.m.b.H. The preparation of soap and tex- 
tile oils from tall oil. German patent 485,944 
(Nov. 8., 1929); C. A. 24: 1241. 
Dry vegetable oils, containing free fatty acid, is mixed with 
tall oil, heated under vacuum, then treated with superheated 
steam and cooled in an atmosphere of indifferent gas to 
prepare oils to be used for soap making and for use with 
textiles. 
(3) Geigy, J. R., A.-G. A sulfonated derivative of tall 
oil. Loc. cit., Sulfonation (2). 

(4) Keghel, M. de. The composition of tall oil and its 
utilization. Loc. cit., Axle Grease (1). 

(5) Kollmann, Leo. Tall oil in textile processing. Loc. 
cit., Cotton Bucking (1). 

(6) Melamid, M. Preparation of fatty acids. Loc. cit. 
Hydrogenation (7). 

(7) Obst, W. Utilization of tall oil. 
60: 856 (1933). 

A description of methods of separating the fatty and rosin 
acids in tall oil and of decoloring tall oil soap is given. Listed 
are a number of the uses of tall oil of which cutting oils is one. 


Seifensieder-Ztg. 


Uses 


(1) Bergstroem, Hilding O. VY. The refining of floating 
resin. Svensk Papperstidn. 35: 156, 161 (March 
15, 1932); C. A. 26: 3124; B.I.P.C. 2: 273. 
Suggestions are given for the commercial utilization of tall 
oil, and the necessity of high quality products is discussed. 


(2) Hellstroem, A. The by-products of the sulfate 
process... Tekn. Foeren. Finland Foerh. 36: 215- 
216 (1916). 


T9A 


The article is a discussion of the composition, properties, 
and the uses of liquid rosin. 


(3) Klatt, R. Liquid rosin or tall oil. Fettchem. 
Umschau 41: 90-94 (1934) ; C. A. 28: 4901; B.C.A. 
1934B: 588; T. S. 99: 240. 

A list of published analyses and tabulations of the constants 
of two recent tall oil samples is given, and the source, purifi- 
cation, and uses of tall oil are discussed. Also given is a list 
of 48 references. 

(4) Edwards, Karl B. The production and_ general 

characteristics of liquid rosin, or tallol. Chemistry 
& Industry 61, no. 21: 233-235 (May 23, 1942); 
Soap & Sanitary Chem. 18: 55-56 (Aug., 1942) ; 
B.LP.C. 12: 370. 

Typical analyses of good quality liquid rosin are given for: 
well-prepared United States product, Swedish resinous type, 
Swedish medium type, Finnish medium type, and Finnish low 
resinous high quality type. Details are given of the purifica- 
tion of tall oil soap, and the acidification of the oil is discussed. 
A comparison is made between the tall oil produced in the 
U.S. and the Scandinavian material. Tall oil is a raw mate- 
rial for cutting and soluble oils, disinfectants, cheap paints, 
emulsions, and plastics, and is used in soaps where odor is 
not an objection. 


(5) Jennings, William H. The uses of tall oil. Paper 
Trade J. 120, no. 19: 41-42 (May 10, 1945); 
B.I.P.C. 15: 392. 


At the present time tall oil is used in the manufacture of 
industrial soaps, as an additive to laundry soaps, in the prep- 
aration of asphalt emulsions, in the concentration of phos- 
phate and other ores by flotation, and in the manufacture 
of soluble oils by sulphonation. An ideal emulsifying agent 
in the manufacture of casein paints is prepared by sulphonating 
tall oil. Some possible future applications of tall oil are dis- 
cussed. 


(6) McKee, Ralph H. The industrial uses of tall oil 
y and its marketing problems. Southern Pulp Paper 
J. 7, no. 8: 14-15 (Jan., 1945); Paper Trade J. 
120, no. 4: 49-50 (Jan. 25, 1945); B.I.P.C. 15: 

221; C. A. 39: 1050. 


The average composition of tall oil is given; the factors 
influencing the future peace-time market are pointed out. 
Some of the demands of tall oil are in the following industries: 
asphalt emulsions, cutting oil, insect spray and disinfectants, 
lubrication grease, paint, soap, soluble oil, synthetic resins, 
and textile oil. 


(7) Burch, G. N. Blair, Shaw, Allan C., and Nicholls, 
R. V. V. The composition and potential uses of 
Canadian tall oils. Pulp Paper Mag. Canada 48, 
no. 3: 127-132 (Feb., 1947); B.I.P.C. 17: 525; 
C. A. 41: 3617; B. A. 1947B, II: 193. 


The potential world production of tall oil products, calcu- 
lated from the production of sulfate and soda pulp, is given 
in tons of products. These products include crude tall oil, 
fatty acids, resin acids, and sterols. The tall oil recovered 
from black liquor is about one third of the total fatty and 
resin acids in freshly cut pinewood. About two thirds are 
lost during seasoning, pulping, and in the black liquor. Chemi- 
cal constants are given for six samples of Canadian tall oils, 
and an analysis is reported for a commercial tall oil. Canadian 
oils are about three times as rich in sterols as Scandinavian 
oils. B-Sitosterol which is the principal phytosterol in the 
neutral fraction of tall oil, finds use as a substitute for choles- 
terol, ergosterol, or stigmasterol for the synthesis of hormones. 
Potential uses of the fatty and resin acids are discussed. 


(8) Byman, Leonard. Tall oil from the consumer’s 
viewpoint. Paper Trade J. 123, no. 22: 35-40 
(Noy. 28, 1946); Tech. Assoc. Papers 29: 463-469 
(June, 1946); B.I.P.C. 17: 204; C. A. 41: 599. 

The article is a general discussion of tall oil markets, present 
and possible uses, and tall oil versus competitive materials. 
111 references are given. 

(9) Gaffney, Mary, and Cargill, Ruth. A review of 

production, exports, stocks and future outlook for 
prices of rosin. Soap Sanit. Chemicals 22, no. 11: 
33-36, 137 (Nov., 1946); B.I.P.C. 17: 197. 

Tall oil production is about 20% of the combined gum and 
wood rosin production of which about one third is consumed 
by the soap industry. Production figures are given for refined 
tall oil for the years 1940-46. 


(10) Jamieson, George S. Vegetable fats and oils. New 
York, Reinhold Publ. Co., 1943. 


_A discussion of tall oil and its range of characteristics are 
given. Tall oil may be used in the preparation of asphalt, tar, 
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cutting oils, textile soaps, driers, sulphonated oil, and drying 
oil. The pitch obtained in the distillation of tall oil may be 
used in the manufacture of ink. 


11 Lassenius, T. The by-products of the cellulose in- 

ee dustry. Finnish Paper and Timber J. 26, no. 6: 

73-77; no. 7: 85-87 (March 31, April 15, 1944) ; 

B.I.P.C. 15: 189; C. A. 39: 616. : 

Some of the uses of tall oil are in dyestuffs, leather, rubber 

industries, soap, and as a sizing for paper. The purification of 
tall oil is briefly discussed. 


nd, R. L. Liquid rosin—tall oil. Oil Colour 
a Tae 1. 112, 1319-1320, 1322 (1947); C. A. 
42: 1746. 

The article is a lecture which includes a brief description of 
the Kraft process, the characteristics of liquid rosin, and uses 
of liquid rosin and its derivatives in the paint and varnish 
industry. 


(13) Jahn, E. C. Chemical production from Scandina- 
vian pulp mill by-products. Paper Mill News 71, 
no. 10, 14, 16, 20 (1948); C. A. 42: 3959. 
Chemicals are produced from tall oil and from ethyl alcohol 
obtained from fermentation of sulphite waste liquor. Other 
products obtained are cymene, cellulose derivatives, lignin, 
and yeast. 


Varnish Remover 


(1) Hodges, Paul. A paint, varnish, and lacquer re- 
mover. Loc cit., Paint Remover (1). 


Waterproofing Agent 


(1) I. G. Farbenindustrie A.-G. The preparation of 
waterproof products. German patent 429,875 (Sept. 
25, 1924). 
In the preparation of waterproof products, a mixture of fatty 
and resin acids are used. 


(2) Ohlsson, K. J. T. Preparation of waterproof paper- 
board of abric. Swedish patent 83,410 (May 21, 
1935); C. A. 31: 2822; T. S. 103,215. 

An impregnated material, which can be painted, is prepared 
by impregnating the material with crude or refined liquid 
rosin obtained as a byproduct in the manufacture of sulphate 
pulp. 


(3) Schmid, W. Liquid rosin and its uses. Loc. cit., 
Flypaper (1). 


Wetting Agent 


(1) Boehme A.-G., H. Th. Capillary active ester-like 
sulfuric acid compounds. Loc. cit., Emulsifying 
Agent (3). 

(2) Edwards, Karl B. The manufacture of wetting 
agents. British patent 538,581 (July 29, 1940); 
B.C.P.A. 1941B, II: 384. 


A brown precipitate is obtained from waste aqueous liquor, 
obtained in the sulphate process, by removing the tall oil 
soaps, clarifying, then neutralizing with a mineral acid or 
acid-reacting salt of mineral acid. A wetting and foaming 
agent is obtained on separation and solution in aqueous alkah. 
The precipitate is purified by solvent extraction, solution in 
alkah, and reprecipitation. 


(3) Friesenhahn, P. Washing, wetting, and emulsifying 
agent. Loc. cit., Detergents (2). 


(4) Johnson, James M. Use of amine soaps as surface- 
active agents. Loc. cit., Bitumen (1). 


(5) Johnson, James M. A bituminous composition which 
has increased adhesion to mineral aggregate. U. S. 
patent 2,426,220 (Aug. 26, 1947) ; B.I.P.C. 18: 139; 
C. A. 41: 7700. 


Bituminous products, which cdntain the reaction product of 
certain amines with an acid, find use as a coating agent or 
bonding material with all types of wet aggregates. The amine 
is prepared by warming a higher fatty acid, such as tall oil 
or red oil, with an equimolecular proportion of an alkylene 
polyamine. For example; 0.5 part of a mixture of 16 parts 
of Napco C.V.T. and 84 parts of tall oil is used with 100 parts 
of asphalt. 


Wool Scouring 
(1) Kollmann, Leo. Tall oil in textile processing. Loc. 
cit., Cotton Bucking (1). 
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JOHN B. CALKIN 
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Technical and Marketing Consultations 
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500 Fifth Avenue at 42nd Street New York 18, N. Y. 


HARDY S. FERGUSON & CO. 


Consulting Engineers 
200 FIFTH AVENUE, NEW YORK 10, N. Y. 


Consultation, Reports, Valuation and Designs 
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Rio, HATCH 


Consulting Service 


Pulping, Bleaching, Pulp Purification 


Monterey, Cal. 


CHAS. T. MAIN, INC. 
CONSULTING ENGINEERS 


Process Studies, Design, Specifications and Engineering Supervision 


PULP AND PAPER MILLS 


Steam Hydraulic and Electrical Engineering 
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80 Federal Street Boston 10, Mass. 


MYERS & ADDINGTON 
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FOR 
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New York 16, N. Y. 
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6-4630 
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CONSULTING ENGINEER 
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420 Lexington Ave. New York 17, N. Y. 


J. E. SIRRINE CO. Engineers 
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STADLER, HURTER & COMPANY 
CONSULTING ENGINEERS 
Specializing Since 1923 in 

PULP AND PAPER MILLS 

FROM FOREST TO FINISHED PRODUCTS 


A. T. HURTER, M.E.I.C. Represented in the U.S.A. by: 
Suite 609 Stadier, Hurter & Co., Inc. 
Drummond Building 76 Beaver Street, New York 5, N. Y. 
Montreal, Canada Phone: Whitehall 3-3881 


FRANK C. VAUGHAN 


Consulting Engineer 
STUDIES, DESIGN, ESTIMATES, CONSTRUCTION, 
MANAGEMENT AND OPERATION 
for 


KRAFT, SEMI-CHEMICAL 
PULP, PAPER AND STRUCTURAL BOARD MILLS 


7th AND HOSPITAL STS. e@ RICHMOND, VA. 


FREDERICK WIERK 
CONSULTING ENGINEER 


P. O. Box 492 Great Neck, N. Y. 


Reports and Designs for Construction or Modernization of 
Pulp & Paper Mills, Steam and Hydro Power, Stream 
Pollution Abatement. 


Calendar of TAPP! Meetings 


NATIONAL 


Annual Meeting: Commodore Hotel, New York, N. Y. 
February 20-23, 1950. 

Fundamental Research Conference: Chateau Frontenac, 
Quebec, P. Q., May 29-30, 1950. Symposium: “The 
Papermaking Properties of Fibers.” (Joint Meeting 
with Technical Section, Canadian Pulp and Paper 
Association). 

Fifth Engineering Conference of the Pulp and Paper In- 
dustry. Netherland Plaza Hotel, Cincinnati, Ohio, 
October 2-5, 1950. 


LOCAL SECTIONS 
PAcIFic SECTION: 
April 7, 1950, Camas, Wash. 


Empire STATE SECTION: 
Western New York Group: 
March 8, 1950, Prospect House, Niagara Falls, N. Y. 
April 12, 1950, Spaulding Fibre Co., Tonawanda, N. Y. 
May 10, 1950, Prospect House, Niagara Falls, N. Y. 


Metropolitan Group: 
March 14, 1950, Fraunces Tavern, New York, N. Y. 


Northern New York Group: 
March 9, 1950, Woodruff Hotel, Watertown, N. Y. 
April 13, 1950, Woodruff Hotel, Watertown, N. Y. 


DELAWARE VALLEY SECTION: 
March 23, 1950, Engineers Club, Philadelphia, Pa. 
April 27, 1950, Engineers Club, Philadelphia, Pa. 


OHIO SECTION: 
March 14, 1950, Manchester Hotel, Middletown, Ohio. 
April 138, 1950, Manchester Hotel, Middletown, Ohio. 
May 11, 1950, Manchester Hotel, Middletown, Ohio. 


Matne-New HAMPSHIRE SECTION: 
June 23-24, 1950, Wentworth-by-the-Sea, 
mouth, N. H. 


KALAMAZOO VALLEY SECTION: 
March 2, 1950, Columbia Hotel, Kalamazoo, Mich. 
April 6, 1950, Harris Hotel, Kalamazoo, Mich. 
May 4, 1950, Harris Hotel, Kalamazoo, Mich. 


Ports- 


Paper Machine Furnish 
Now Completely Controlled 


by new 
F & P STOCK-RATOR 


Broke, sulfite, and groundwood meters in a mill of the Ontario 
Paper Company. Sulfite flow rate is set by paper machine 
demand as reflected in machine chest level. Groundwood, 
color, alum,and carbonate are proportioned to sulfite flow rate. 
Broke flow is under manual control. 


The flows of chemical and mechanical pulps, broke, alum, 
carbonate, clay, color, resin, size, and other materials are 
accurately continuously measured, and proportioned by F&P 
STOCK-RATOR systems. Control is based either on paper 
machine speed or on the flow of any one of these materials. 


Major advantages are significant savings in costly furnish, 
less sheet breakage on the paper machine, and uniform quality. 
The system requires neither head-boxes nor pulp return fines. 
Stock chest level is controlled, and pulp flow rates can be 
recorded and totalized at low additional cost. 


Mill records show that installations have been paid for out 
of savings in less than six months, primarily through precise 
control of chemical to mechanical pulp ratios. 


The flow of molten sulfur, black liquor, cooking liquid, 
bleach,and other materials used in the Paper Industry can also 


be measured, indicated, recorded, proportioned and totalized 
by simple, accurate F&P instruments. 


CLIP COUPON—MAIL TODAY! 


Please send me Technical Bulletin, ‘New Developments in | 
| Pulp & Paper Mill Instrumentation.” 
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| Dept. OM-7P Hatboro, Pennsylvania | 
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beater ree 
TITANOX-A-WD 


works BEST where needed MOST 


Dh lower the initial opacity the more efficiently TITANOXx- 
A-WD increases the opacity of beater-pigmented papers. 

For example, the addition of 1% TITANOX-A-wp increases the 
opacity of a 50% paper by 10% ; 3% TITANOX-A-WD raises opac- 
ity by 19.5%; and 6% TITANOX-A-WD boosts opacity 27%. On the 
other hand a paper with 90% initial opacity can have its opac- 
ity increased 6.5% by the addition of 6% TITANOX-A-wD. 

TITANOX-A-WD improves the quality of beater-pigmented 
papers by imparting high opacity at low loadings, promoting 

lasting brightness and maintaining strength. Moreover, the 
low water absorption of TITANOX-A-wp makes possible such 
ease of mixing that you save on production costs. 

Our Technical Service Laboratory is available to help you 
improve your paper with TITANOX-A-wp. Write or phone 
today to our nearest office. Titanium Pigment Corpora- 
tion, 111 Broadway, New York 6, N. Y.; 104 South 
Michigan Avenue, Chicago 3, Ill.; 2600 South 
Eastern Avenue, Los Angeles 22, Calif. 


Branches in all other principal cities. 


Should You Buy 73% Instead 
of 50% Liquid Caustic Soda? 


... Liquid Rather than Dry? 


COLUMBIA suggests—a change 


may save you costly man hours 


COLUMBIA V 


= aii: 


A switch from 50% to 73% liquid caustic soda means 40% fewer cars to 
handle . . . the use of liquid rather than anhydrous caustic eliminates 
man hours required to unload, store, rehandle and dissolve. Today’s 


SHGEO=— competitive markets demand all possible manufacturing economies. 


G 


PITTSBURGH PLATE GLASS COMPANY 


That’s why it may pay you to reexamine your methods and practices 
involving caustic soda. 

The Columbia Caustic Soda Manual contains much data of value 
regarding the economics of the use of this chemical. Our Technical 
Service Department will be glad to supply any additional facts, without 
obligation, which you may need for analyzing your situation. Just write 
Pittsburgh Plate Glass Company, Columbia Chemical Division, Depart- 
ment CS-2, Fifth Avenue at Bellefield, Pittsburgh 13, Pennsylvania. 
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